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CHAPTER I. INTRODUCTION 
General Introduction 
There has been a great deal of change in the dairy industry over the last decade in the 
Midwest. This change has been characterized by a rapid increase in the size and 
specialization of dairy farms in the upper Midwest. In Wisconsin, the increase in the size of 
dairy herds has been dramatic. In 1993, only 5.7% of the herds had 200 or more cows. In 
2000, 25% of the herds in Wisconsin had 200 or more cows. In 1997, the first year that the 
percentage of herds with more than 500 cows was reported, 3.5% of the herds in Wisconsin 
had 500 or more cows. The percentage of herds with more than 500 cows increased to 9% in 
2000 (Wisconsin Agricultural Statistics Service, 2001). This rapid increase in the size of 
dairy farms has also been accompanied with a reduction in the number of dairy farms. 
Wisconsin had 34,000 dairy operations in 1990 compared with only 21,000 in 2000 
(Wisconsin Agricultural Statistics Service, 2001). 
There are several reasons for the increase in the size of dairy farms that has been 
observed. Economies of scale in the dairy industry have led to larger dairy operations. When 
economies of scale are present in the dairy industry, herd sizes will increase because the 
average cost of production decreases as the size of the dairy operation increases. Economies 
of scale are present in dairy operations in three major areas: 1 ) lower investments per cow, 
2) lower per unit variable costs of production, 3) increased labor efficiency (Bailey et al., 
1997). Jones (1997) showed that for Wisconsin dairy herds the average cost of production 
decreases as the size of the herd increases over the entire range of dairy farms in Wisconsin1. 
1 In his research, Jones only reports farms with up to 1.000 cows. He did not find increasing average costs of 
production for any herd sized examined. 
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Technology has also been increasing the size of dairy herds. There has been a 
movement from the traditional tie stall stanchion barns with around-the-bam pipeline milking 
systems to a free-stall housing system with milking parlors. Milking parlor systems have 
been replacing traditional stanchion bams because they offer significant gains in labor 
efficiency. Typically, parlor systems allow a single operator to milk two to three times the 
number of cows per hour compared to traditional stanchion bam milking system. In addition, 
milking parlor systems have become more popular because they reduce the physical effort 
required in milking (Jones, 1997). The gains in technology have created an increase in the 
management intensity and specialization of management required to operate a modern dair> 
operation. 
The movement toward larger herd sizes has also been fueled by lifestyle choices of 
dairy operators. Increasingly dairy operators are utilizing more hired labor to allow the dairy 
farm operator to enjoy some time off. Many dairy operators no longer want to be tied to the 
operation seven days a week throughout the entire year. As Gary Frank, agricultural 
economist at the Center for Dairy Profitability, UW-Madison said, "There are so many ways 
to support a family these days that Americans no longer have to work 365 days a year. Dairy 
farmers are beginning to see the attraction of lifestyles that include vacations, days off and 
chance to see their kid's ball games in the evening." (qtd. in Sandin, 2001). 
The modem dairy operations with milking parlors and free-stall housing systems are 
expensive to build and require a high level of fixed costs. In addition to the high capital 
costs, significant managerial skills are needed to operate a large-scale modem dairy 
operation. With a large-scale dairy operation, managers will need to manage a labor force in 
addition to their dairy herd. Managing a labor force is one of the major hurdles to operating 
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a large-scale dairy operation, especially for a farm operator currently in a family farm 
operation. 
The high capital costs and significant managerial skills required to successfully 
operate a modern large-scale dairy operation have created major obstacles to starting and 
operating a successful modem dairy operation. This has limited the opportunities for small 
farmers to use dairy as a way to diversify their farm enterprises and add value to their crop 
enterprises. One possible way for small farmers to overcome the obstacles associated with 
starting a large-scale dairy operation and receive the added value a modem dairy operation 
provides is for the farmers to form a closed cooperative dairy operation. A large-scale closed 
cooperative dairy operation would give farmers access to the potential benefits of a modem, 
large-scale dairy operation without all of the financial risk or the required managerial 
expertise. 
Objectives 
The objective of this paper is to provide information about the expected returns from 
forming a large-scale closed dairy cooperative in the upper Midwest under price and 
biological uncertainties to farmers looking to add value to their crop enterprises. Simulations 
will be performed using distributions for price and biological variables based on historical 
observations. The simulations will be used to develop realistic distributions of returns on 
investment for farmers considering investing in or forming a closed dairy cooperative for a 
range of production growth paths for the dairy cooperative. The expected returns from the 
closed dairy cooperative along with the risks associated with investing in the closed dairy 
cooperative will be examined and reported. 
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The simulations will also be used to estimate the probability that the closed dairy 
cooperative will survive, or remain in operation, over the first 10 years. Continued 
operations requires the large-scale closed dairy cooperative to meet all of its cash obligations, 
while meeting lenders' requirements for solvency and debt service. This research will 
provide farmers with risk and reward trade-off information about forming or investing in a 
closed cooperative dairy operation not available using the typical static budgeting 
approaches. The impact of several key price and biological variables on the probability of 
survival of the large-scale closed dairy cooperative will be examined using a logit regression 
model. 
The capital structure of the closed cooperative will also be examined. In determining 
an optimal capital structure for the closed cooperative there are tradeoffs involved with the 
level of equity used in the capital structure. A high level of equity invested in the 
cooperative will help the cooperative meet its cash obligations when unexpected adverse 
price or biological outcomes occur and reduce the risk associated with the investment in the 
cooperative. However, finance theory suggests that increased leverage will increase the 
return on the equity invested in the cooperative. The simulations will be performed with 
different capital structures for the cooperative to investigate the impact on expected returns 
and risks to the cooperative members associated with different levels of equity invested in the 
cooperative. 
The development of novel analytical tools was necessary to fully achieve the 
objectives described above. A collateral objective of the research included development of a 
detailed farm level dairy model capable of evaluating startup or expansion opportunities for 
dairy operations. The financial model developed is an improvement to existing financial 
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models. By incorporating biologically determined cow flows through the dairy operation 
into a true monthly financial model for the dairy operation it permits biological risks to be 
incorporated. The financial model developed is applicable to any dairy operation regardless 
of business structure. Although the application in this research is to cooperatives its use is 
not limited to closed cooperative dairy operations. 
Organization 
This remainder of the dissertation is organized as follows. Chapter 2 reviews the 
relevant literature on new generation cooperatives, previous evaluations of investing in 
value-added agribusinesses, the theoretical and empirical models used for evaluating 
different potential capital structures, and probability of failure models. Chapter 3 presents 
the methodology used in the research including the setup of the closed dairy coopcram e. the 
financial dairy model developed, and the simulation methodology employed. Chapter 4 
reports the empirical results for the returns of the large-scale closed dairy cooperative. 
Chapter 5 presents an empirical model to determine the impact of variables on the probability 
the cooperative is able to survive the first five years of operation. 
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CHAPTER 2. LITERATURE REVIEW 
This chapter will provide a background on new generation2 cooperatives along with 
recent evaluations of potential value added cooperatives. The literature covering evaluations 
of new generation cooperatives is quite thin. This is one of the reasons that this research was 
undertaken. Also, included in this chapter is a brief overview of the literature on the optimal 
capital structure for a cooperative, and probability of failure models. The literature covering 
research on optimal dairy size and dairy operations is covered in Chapter 3. 
New Generation Cooperatives 
Since the mid-1970s there have been a number of new generation cooperatives 
(NGC) that have been formed. At least 89 new generation cooperatives have been identified 
and operating in agriculture in the United States (Merrett, Holmes, Waner, 1999). The new 
generation cooperatives are involved in a wide variety of value added activities. These value 
added activities include, swine production, dairy production, aquaculture, bison slaughtering 
and processing, com processing, organic dairy products, sugar beet processing, along with 
many other activities (Cropp, 1996) (Merett, Holmes, Waner, 1999). 
Definition 
New generation cooperatives are the newest wave of U.S. cooperatives. New 
generation cooperatives major focus is value-added processing, which represents a departure 
from the main objective of commodity marketing held by their predecessors (Kotov, 1999). 
The best way to define new generation cooperatives may be to compare them to traditional 
2 Throughout this paper the terms new generation cooperative, closed cooperative and value-added cooperative 
will be used interchangeably. 
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cooperatives. The following is a comparison between traditional open cooperatives and new 
generation, closed cooperatives. 
The traditional open cooperative is easy to join, and operates at market prices on a 
buy - sell basis. Member's equity is built through net savings retained as allocated 
patronage refunds. There is no volume or activity commitment and capacity is open 
to all members without regard to the amount of investment the member has made. 
Finally, it is easy to exit the traditional open cooperative without significant penalty 
or immediate financial consequence to the farmer. 
The closed cooperative requires that a cash investment be provided by the joining 
member before using the cooperative. The prices for goods sold or purchased from 
the cooperative are calculated using a formula or modified market price, and the 
closed cooperative usually does not operate on a strict buy-sell basis. There is usually 
a legally binding membership contract that specifies an exact volume requirement per 
contract period and guaranteed capacity utilization is usually provided with an equity 
unit. The cooperative's net savings are not a major source of equity. By specification 
of the membership contract, exiting could be difficult. Exiting members must sell 
their equity and rights to capacity to an eligible member in order to exit (Cinder. 
1994). 
Despite the differences outlined above, new generation cooperatives retain the 
principles of traditional cooperatives. The new generation cooperatives typically have 
democratic control through a one-member one-vote policy. The one-member one-vote policy 
need not hold for all states. However, it is true for the upper Midwest where the closed dairy 
cooperative in this research is anticipated to be located. The excess earnings are distributed 
among members as patronage refunds (dividends). The board of directors is elected from the 
membership by the membership (Cropp, 1996). 
Increase in New Generation Cooperatives 
According to a survey by the Illinois Institute for Rural Affairs, the main reasons 
given for starting a new generation cooperative are capturing more of the added value from 
crops and low commodity prices (Waner, 1999). The industrialization of agriculture has also 
led to the formation of new generation cooperatives. As agriculture has transformed from a 
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nation of relatively small diversified family farms into fewer specialized highly technical 
corporate and private operations, the remaining traditional farms may be threatened because 
of an absolute size disadvantage and the management intensity required. Many farmers, by 
operating individually, are simply unable to expand operations to the scale necessary to 
become involved in processing. (Waner, 1999). The same phenomenon is true for traditional 
farms wanting to continue or expand their operations to include livestock or dairy production. 
By pooling resources, as a cooperative, even small farmers may be able to benefit from the 
value added benefits of processing or livestock production. 
Benefits of New Generation Cooperatives 
There are a number of benefits that the individual farmer receives from joining a new 
generation cooperative. The benefits farmers receive include 1) access to capital 2) 
diversification of risk 3) labor specialization and 4) management expertise. 
Access to Capital 
The industrialization of agriculture has led to high capital requirements for both the 
production and processing of agricultural products. A new generation cooperative gives 
smaller farmers the ability to gain access to the capital necessary to participate in value added 
agricultural activities. Even if a farmer has the capital necessary to enter into large-scale 
livestock production or processing, a new generation cooperative may be a way to reduce the 
financial risk associated with investing in a value added process. The financial risk can be 
reduced through forming a closed cooperative, because the individual farmer will only be 
responsible for a portion of the capital requirements to start a large-scale livestock operation. 
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Diversification of Risk 
By joining or forming a new generation cooperative members benefit by diversifying 
the returns from their production enterprises by entering into some value added process. 
Several new generation cooperatives are involved in livestock processing. The returns from 
processing can be more stable than from livestock production. Also, the margins from 
livestock processing can be inversely related to the returns from livestock production. When 
livestock prices are low the margins from livestock processing tend to be higher. By 
becoming involved in the value added processing, farmers can diversify their returns from 
production. 
The same diversification can hold true for farmers who raise crops and use livestock 
production as a way to diversify their returns. Traditionally, farmers raised a variety of crops 
and livestock as a way to diversify their returns. With the increasing economies of scale in 
crops, livestock and dairy production, many farmers are no longer capable of achieving the 
benefits of diversification in this way. New generation cooperatives may be one way to 
achieve the benefits of diversification by permitting specialization in one or two core 
enterprises and participation in others through a cooperative. 
Labor and Management 
By joining a new generation cooperative farmers are able to focus their labor and 
managerial expertise on the enterprises they are familiar with. As agriculture becomes more 
and more industrialized, specialized labor is required for each agricultural enterprise. In 
addition, the managerial intensity required has become greater and more specialized 
management is also needed for each agricultural enterprise. By pooling together through a 
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new generation cooperative farmers are able to have the resources necessary to hire the 
management expertise required for the value added activity that they want to undertake. 
Evaluations of New Generation Cooperatives 
The evaluation of many value added projects has taken on a fairly simplistic 
approach. In evaluating most proposed value added projects, a standard budgeting approach 
has been used. When monthly cash flows are examined they have been calculated from the 
annual projections and dividing by 12 without incorporating realistic monthly projections of 
revenues and expenses. In previous analysis, the economic, financial, biological and process 
variables have been assumed to be static with no attempts to incorporate uncertainty into the 
evaluation of the project. The growth path that the project will take is usually not well 
defined to those forming the project or to the lenders. 
One recent evaluation of a value added agribusiness that incorporated uncertainly was 
performed by Jones, Fulton, and Dooley (1999). Jones Fulton and Dooley examined hog 
producers investment opportunities in hog production only, hog production and hog 
processing facility, hog production and investment in the stock market, and hog production 
and investment in treasury bills. Uncertainty in hog prices, corn price, soybean meal price, 
average live weight of slaughtered hogs, pork carcass yield, processor variable cost, 
processor fixed cost, pork processing capacity, S&P 500 % and treasury bills % was 
incorporated into the analysis. The expected returns and standard deviation of returns from 
different combinations of investments for different sized hog operations were reported and 
compared. Jones, Fulton and Dooley used several efficiency criteria to evaluate the results, 
Expected Value/Variance criteria, First Degree Stochastic Dominance efficiency criteria, and 
Second Degree Stochastic Dominance efficiency criteria. Investment in a hog processing 
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facility was found to be an efficient investment. This implies hog producers should consider 
investing in a hog processing facility. 
While taking a major step by incorporating uncertainty into evaluating investments in 
value added agribusinesses, Jones, Fulton and Dooley did not investigate the implications 
concerning equity required for purchasing a hog processing facility, cash flows, liquidity and 
leverage requirements as the authors point out in their suggestions for further research. 
Addressing several of the shortfalls in the research by Jones, Fulton and Dooley, the research 
undertaken here includes the development of a detailed cash flow model for the dairy 
cooperative to determine the cash flows for the operation based on the biologically driven 
dairy production process. The impact of different levels of equity financing on the expected 
returns and risk associated with investing into a value added process was also investigated in 
this research. In addition in this research, the probability of insolvency of the value added 
cooperative is calculated and the impact of key variables on the probability of failure is 
estimated. These additional evaluations provide a more comprehensive quantification of the 
risks involved in forming a value added cooperative. 
Another recent study that has taken a more sophisticated approach to evaluating the 
feasibility of forming a new generation cooperative is by Poray (1997, 1999). In his 
research, Poray examined forming a closed swine production cooperative in Iowa to provide 
added value to com. The research performed by Poray incorporated both price and 
biological uncertainties into a simulation of the returns to several types of large-scale closed 
swine production cooperatives. Poray examined forming a large-scale closed swine 
production under 12 different production and financial structures. The production structure 
was classified as either a farrow-to-finish or a farrow-to-wean operation. A multiplier herd 
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was added as a possibility for each of these production structures for a total of four possible 
production structures. Each of the production structures was examined for 3 different equity 
level contributions for a total of 12 different combinations of financial and production 
structures. 
The procedure used by Poray to empirically evaluate the performance of the 12 
proposed hog operations was to simulate biological and price variables using @Risk. The 
stochastic biological variables used by Poray were farrowing rate, pigs weaned per litter, 
nursery mortality and finsher mortality. The stochastic price variables were corn, soybean 
meal, barrows and gilts, feeder pigs and weaner pigs. The simulated variables were used as 
input into the Swine Feasibility Analysis model developed by ISU Extension to calculate the 
projected financial statements for the swine production operations. Expected returns and risk 
were calculated for the 12 financial and productions structures examined by Poray. Poray 
used Target MOT AD and Mean-Variance analysis to determine the efficient choices among 
the different swine production and equity contribution combinations. 
Poray obtained several interesting results. Overall, closed value added swine 
cooperatives appeared to be a viable alternative for Iowa grain producers as a means of 
adding value to grain production. Poray found that adding a multiplier herd to the swine 
production operation was universally superior to operations without a multiplier herd. 
Finally, Poray found that increasing the equity level of investment in the closed swine 
cooperative provided increased returns. 
The research performed in this paper follows a methodology similar to that used by 
Poray. The closed cooperative setup is very similar, especially the way in which com 
payments are distributed to members. In addition, the basic simulation methodology used is 
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very similar to that employed by Poray. There are several ways in which this research 
deviates from that of Poray. First, there are biological and financial differences between 
swine and dairy production. This required a new financial model to be developed 
specifically for dairy production similar to the Swine Feasibility Analysis model. The much 
longer startup phase of a dairy operation compared with swine production required a longer 
planning horizon to be examined. Therefore, a 10-year planning horizon is examined in this 
research as opposed to the 5-year horizon investigated by Poray. 
While using the same basic methodology, the simulations performed in this research 
incorporated more detail in specifying the correlation matrixes used in the simulation. Poray 
specified one correlation between each of the different price variables and assumed that it 
was constant for all months. Therefore, the correlation of January com price with March 
soybean price, specified in the simulation, is equal to the correlation of January com price 
with October soybean price. The research in this thesis accounts for differences in the 
correlation between prices by month. For example, the correlation between January com 
price and March soybean prices will not necessarily equal the correlation between January 
com price and October soybean price. 
The simulations performed in this thesis have also benefited by recent research by 
Richardson (Richardson. 1999). Richardson details a number of simulation techniques for 
incorporating correlation matrixes into simulations performed using the @Risk software. In 
addition, Richardson describes an empirical probability distribution, which is used in the 
simulations performed in this thesis. The empirical distribution described by Richardson is 
useful in simulations when only a limited number of historical observations are available or 
relevant for use in the simulation. 
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Optimal Capital Structure 
The literature reviewed in this section that covers the optimal capital structure for the 
cooperative focuses on the literature involving farm proprietors or cooperative and does not 
attempt to discuss the more extensive literature covering investor owned companies capital 
structures. The reason for not discussing the more general literature on optimal capital 
structures is because the way cooperatives gain, allocate, and return owner equity differs 
from an investor owned firm3. This makes it difficult to compare the optimal capital 
structures of the different business types. 
A framework is needed to evaluate the choice of equity level used in the capital 
structure of the large-scale closed cooperative given the uncertainty of the returns from 
investing in the cooperative. In determining the capital structure of a business, typically 
increased use of leverage will increase the return on equity invested in the business. This is 
because the cost of debt is lower than the cost of equity due to risk factors and tax treatment. 
Increased use of debt also increases the probability of the business becoming insolvent. This 
is because lenders will be less likely to extend additional debt to a business that is already 
highly leveraged. When an unfavorable outcome forces a business to turn to additional 
financing to meet its cash obligations, a highly leveraged business may be forced into 
bankruptcy because of the lack of available financing. This means that there are important 
tradeoffs when deciding on the optimal capital structure of the cooperative (Forster, 1996). 
Collins (1985) developed a theoretical model to examine the effect of business risk 
(variance of rate of return on assets) on the optimal capital structure for agricultural 
3 See Cobia (1989) for a summary of the differences in how equity is raised, allocated, and returned to owners 
in cooperatives and investor owned firms. 
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proprietors. In developing his model, Collins used the assumptions that 1) the proprietor's 
objective is to maximize the expected utility of the rate of return on equity, 2) the utility 
function of wealth is negative exponential, 3) a normal distribution exists for the rate of 
return on assets, and 4) taxes are ignored. The assumptions used by Collins enables the 
optimal capital structure to be examined in a linear mean-variance framework. 
Solving the utility maximization problem with the assumptions used by Collins 
results in the following optimal equity to asset ratio: 
" - ' • ' -" i l fbi  
Where 
p = risk aversion parameter of the utility function 
a:4 = variance of rate of return on assets 
R a = expected rate of return on assets 
K = non-stochastic interest rate on debt 
5' = optimal ratio of debt to assets (leverage) 
The second order condition for the optimal equity to assets ratio is met if the proprietor is 
risk adverse. Differentiating equation (I) with respect to <j] shows that an increase in 
business risk (variance in rate of return on assets) leads to an increase in the optimal equity to 
asset ratio and a corresponding decrease in leverage. 
n 
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Equation (2) is negative as long as risk aversion is assumed and the interest rate on debt does 
not exceed the rate of return on assets from the operation and capital gains. 
Barton, Parcell and Featherstone (1996) added a stochastic interest rate to the Collins 
model and applied the model to the optimal capital structure in centralized agricultural 
cooperatives. Using data from local cooperatives in Kansas, the optimal solvency (equity to 
assets ratio) was determined for varying levels of the risk aversion coefficient. The authors 
found that the optimal solvency ratio was sensitive to business risk, the expected interest rate 
and the variability of interest rates. Ultimately, the optimal solvency to be used by the 
cooperative remains a function of the risk aversion assumed. By solving for the optimal 
solvency, the authors provided insights into the impact risks preferences have on the optimal 
levels of debt and equity used by the cooperative. 
Featherstone, Moss, Backer, and Preckel (1988) applied the Collins model to examine 
the impact of farm policies on the optimal leverage and probability of equity loss by farmers. 
Many of the farm policies implemented were designed to reduce the price variability and 
augmenting farm incomes. These policies were implemented in response to the number of 
farm bankruptcies and disbandment of family farming operations. Using Collin's theoretical 
model the authors show that theoretically the reduction in price variability and income 
augmentation policies have the effect of increasing the optimal leverage for the farmers. 
Increasing the leverage of the farmers increases the financial risk the farmers face and has the 
potential to lead to increased numbers of bankruptcies. The paradox that the authors show is 
that farm policies that were designed to reduce the number of farm bankruptcies actually 
have the potential to increase the number of farm bankruptcies. 
The above referenced articles are examples of how the optimal use of debt and equity 
can be examined for agricultural cooperatives and producers. Several of the factors that 
influence the optimal use of debt and equity were explored. This research will examine 
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different debt and equity levels for the closed dairy cooperative modeled. While the returns 
reported for the closed dairy cooperative will be based on cash returns to the cooperative 
members, and therefore, deviate from the return on assets and equity discussed in the cited 
literature, the basic principals for the optimal leverage to be used by the cooperative will still 
apply. These principals are useful in examining the different equity levels assumed for the 
cooperative in this research. 
Probability of Failure Models 
Besides determining the expected returns for the large-scale closed dairy cooperative 
and the risk associated with those returns, this research looks at predicting the probability 
that the large-scale closed dairy cooperative will fail. Predictive models of business failures 
fall under the general category of qualitative response models. Qualitative models have the 
common characteristic that the dependent variable is a discrete variable. In this case the 
dependent variable is a binary variable, either a surviving business or a failing business. A 
common type of regression analysis used for estimating qualitative models is logit 
regression. Logit regression is a statistical method that relates the probability of occurrence 
of a binary event to one or more explanatory variables through a logistic cumulative 
distribution function. 
Other statistical methods besides logit are available for estimating the probability of 
binary occurrence of an outcome to explanatory variables. Probit regression is also widely 
used. In probit regression, the probability of the occurrence of a binary event is related to 
one or more explanatory variables through a normal cumulative distribution function. In 
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many applications the two regression methods yield very similar results.4 Green (1993) 
provides the derivation of both the logit and probit regression models. Green also provides 
the references for all of the original development of the estimation techniques. 
Several authors have applied logit regression to obtain predictive bankruptcy models. 
Collins and Green (1982) used logit regression to study bankruptcy for credit unions. 
McConnon (1989) and Staiert (1990) used logit regression for modeling grain elevator 
failures. 
McConnon (1989) used a sample of 123 grain elevators, 40 of which failed between 
1983 and 1986. Five variables were included in McConnon's models, 1) total debt to total 
assets, 2) asset turn-over, 3) return on assets, 4) adjusted working capital to sales and 5 ) 
adjusted cash flow to debt. McConnon compared the results of a linear discriminant model 
and a logit model for developing an early warning model for grain elevator failures. He 
found that the logit model had significant explanatory power and based on the data 
outperformed the linear discriminât model. 
There were a couple of shortfalls in the results developed by McConnon. Two of the 
five variables had estimated coefficients that were not significantly different from 0 at the 5% 
significance level, one of which had the sign opposite of what was expected. Staiert ( 1990) 
used the logit model that McConnon used and developed a three variable model to eliminate 
the difficulties with McConnon's five variable model. 
The probability of failure model developed in this paper will follow closely the work 
of McConnon and Staiert. However, the data used in this research is the simulated data 
developed to evaluate the returns to the large-scale dairy cooperative, and not historical data 
4 See Greene, 1993 for a basic comparison of the results from a logit and probit regression model. 
from firms that actually either survived or were forced into bankruptcy. In addition, there are 
differences in the type of variables that are postulated to influence the probability of failure. 
McConnon and Staiert were developing an early warning model for regulators to audit a 
grain elevator and based on the financial statements make a determination on the likelihood 
of the elevator failing. This paper examines the effect of market conditions (price variables), 
management decision variables, and variables that in part are determined by the skill of 
management (milk production and culling rates). Despite the differences in data and 
variables examined, the basic outcome from the logit model provides a useful tool to 
examine the probability of failure. 
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CHAPTER 3. MEHTODOLOGY 
Specific Closed Cooperative Structure 
The large-scale closed dairy cooperative modeled in this research will be located in 
the upper Midwest, specifically, northeastern Iowa or southern Wisconsin. Although there 
are no known closed dairy cooperatives currently operating in the upper Midwest there has 
been interest by several groups in forming a closed dairy cooperative. In addition, there are 
two closed cooperative dairies currently operating in Kansas.3 
The closed dairy cooperative will be designed to have between 1,100 to 1,200 
Holstein cows. Previous research has indicated that this would be an appropriate sized dairy 
herd to capture existing economies of scale. Herd sizes of 500 and 1,000 cows were found to 
be feasible herd sizes for Missouri dairies and had economic advantages over smaller farms 
(Bailey, 1997). Research by Kriegl (1998) showed economic advantages for herds of 1.100 
cows. Conversations with members of the Land O' Lakes Dairy Business Services group 
also suggested that a 1,200 cow dairy would be large enough to capture the economies of 
scale in the dairy industry. 
The dairy operation will be constructed in such a way that allows for future 
expansions to double the size of the operation if the members decide that expansion is 
appropriate. The site chosen for the dairy cooperative will require an adequate water supply, 
access to a major highway for semi-truck access and be located near an available source of 
relatively inexpensive labor. The dairy cooperative will operate by purchasing all of its 
replacement heifers and sell all calves within a week of birth. 
5 Members of the 21" Century Alliance have created two large-scale closed dairy cooperatives in Kansas. 21st 
Century Dairy Cooperative is a 1,500-cow dairy near Linn, Kansas. Ladder Creek Dairy is a 2.600-cow dairy in 
Greeley County. Kansas. 
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General Business Structure 
The large-scale closed dairy cooperative analyzed in this research will have the same 
basic business structure as other new generation cooperatives. Members are required to 
deliver a specified number of bushels of com or equivalent tons of corn silage to the dairy 
cooperative to be used as feed in the dairy operation. The cash generated by the cooperative 
from the dairy operation will be returned to the members in the form of a value added 
payment based on the quantity of corn delivered to the cooperative. To obtain the right to 
deliver corn or com silage to the cooperative and the corresponding proportional right to 
share in the value-added payments, members are required to purchase shares in the 
cooperative. Each share bestows upon the member the right and obligation to deliver a 
specified quantity of com or com silage to the cooperative. The cooperative will use the 
equity raised from selling the shares along with debt issued to the closed cooperative to 
finance the construction and startup of the dairy operation. 
Given the projected annual feed requirements for the dairy operation, approximately 
161,000 bushels of com will be required in the form of com silage and shell com. 
Approximately 26% of the com required by the cooperative will be shell com and 74% will 
be com silage. The cooperative will require 12,000 tons of com silage, 60% moisture 
content, and 42,000 bushels of shell com. By issuing 161 shares in the cooperative, each 
share would be associated with the delivery rights of 1,000 bushels of shell com, or the 
equivalent amount of com silage, which is approximately 105 tons6. All com and com silage 
delivered to the cooperative will have to meet certain minimum quality standards to avoid 
harming the other members through decreased milk production from the dairy operation. 
All other feed required by the dairy cooperative will be purchased by the cooperative. 
This will eliminate any problems of having to convert the different feeds to an equivalent 
basis. While the majority of the feed requirement is corn silage, allowing members deliver 
shell com as well as com silage enables approximately 25% of the members to be located a 
longer distance from the cooperative. Members delivering com silage need to be located 
within 4 or 5 miles of the dairy cooperative given the high transportation costs relative to the 
value of the com silage. 
Corn Payments 
Members will deliver com silage to the dairy cooperative each September, with shell 
com delivered in September or October. While shell com could be delivered on an as needed 
basis, in order to treat members delivering silage and shell com on the same basis all com is 
delivered at harvest time. The cooperative will pay the members for the com silage and shell 
com through three types of payments, 1 ) delivery payments, 2) quarterly payments and 3) 
value added payments. The price of com and com silage used to calculate the delivery 
payment is based on the Posted County Price (PCP) for com in the county where the 
cooperative is located. The delivery payment for shell com will simply be the PCP times the 
quantity of shell com delivered to the cooperative. The following formula is used to convert 
the PCP to a price per ton for com silage delivered to the cooperative, assuming the com 
silage has 60% moisture content. 
9.5 * (PCP) + S 1.25 (3) 
6 Based on approximately 9.5 bushels of com per ton of corn silage with a 60% moisture content. 
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Equation (3) is based on Iowa State Extension research and incorporates the additional 
fertilizer requirements for growing com silage as opposed to shell com since the stalks are 
removed when the silage is harvested. 
Each quarter members will receive a quarterly payment for one-fourth of the shell 
com or com silage they delivered to the cooperative. The price for shell com and com silage 
used in calculating the quarterly payment is based on the difference between the quarterly 
average of the Tuesday through Thursday closing price at a local county elevator and the 
PCP used to calculate the delivery payment. The following formula is used to determine for 
the quarterly payment price per ton of silage delivered. 
9.5 * (QRTLY AVE - PCP) (4) 
Where QRTLY AVE = average of all Tuesday through Thursday closing price for #2 
yellow com at a local county elevator in that quarter. 
Together the delivery payment and the sum of the quarterly payments for the shell 
com and com silage delivered to the cooperative will approximate the payment the 
cooperative members would have received had they sold their com crop at a local elevator 
evenly throughout the year. By structuring the quarterly payment in this manner, members 
also receive a marketing benefit from delivering their com to the cooperative. Com is priced 
uniformly rather than in large infrequent transactions, which can be a marketing benefit. 
Members receive a price equivalent to the annual average market price for com in their local 
market without having to deal with any storage issues. 
The combination of the first two types of payments to the cooperative members for 
the com silage and shell com will be capped at a price of S3.00/bushel for com or S29.75/ton 
for com silage. There are two reasons for capping the price for com delivered to the 
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cooperative. First, lenders of the cooperative may require a limit on the price of the com 
delivered in order to insure the solvency of the cooperative. Without a cap on the price of 
com delivered by the members, there is a potential for the cooperative to have to pay the 
members an extremely high price for the com silage. This could be a severe drain on the 
cooperative's resources and leave the lender without the ability to recover its loan. Absent 
this kind of cap the lender may be less willing to provide debt capital to the cooperative. The 
cap on com price helps protect the cooperative from situations such as those experienced in 
1996 when com prices spiked dramatically. Second, since the members are committed to a 
value added process, capping the com price will benefit the dairy operation, which in turn 
will benefit the members through the value added payment. This provision makes the 
investment in the dairy operation a hard commitment. The commitment the members are 
making, through investing in the closed dairy cooperative, becomes nearly equivalent to the 
commitment of maintaining a dairy operation on their own farms. The dairy animals would 
be fed without regard to short-term spikes in grain prices. 
The final payment each member will receive for delivering com to the cooperative is 
an annual value added payment. The value added payment will be paid from the cash 
revenues of the dairy cooperative after paying all of the cash expenses for the cooperative. 
The value added payment will be tied directly to the quantity of com delivered to the 
cooperative. Each share will be entitled to 1/161st of the cash value created by the 
cooperative for the year. The annual value added payment is the main benefit to the 
members of the cooperative from investing in the cooperative vs. marketing com or silage 
into a cash market. 
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Facilities 
The facilities required for a dairy cooperative of this size comprise the largest 
expenditure for the cooperative. The assumptions made for the dairy cooperative's facilities 
and their associated costs were taken from a variety of sources. Many of the facility costs 
were derived from spreadsheets developed by the Center for Dairy Profitability at the 
University of Wisconsin (Reinemann, Holmes and Frank, 2000). The facilities for the dairy 
operation include a free stall barn for the milking cows, dry cow barn, special needs/calving 
bam, milking parlor, manure storage, bunker silo, other feed and bedding storage sheds, and 
an equipment shop. All of the facilities and the land for the cooperative are expected to cost 
$3,977,600. The breakdown of the costs for all of the facilities and land can be found in 
Appendix A. The following paragraphs provide an explanation of the facilities and their 
associated costs. 
Eighty acres of land is purchased to accommodate the facilities along with providing 
the area necessary for possible future expansions of the dairy operation. With only 80 acres 
of land, it is assumed that the cooperative can acquire rights to spread manure on surrounding 
farmland at zero cost (potentially this farmland could be the members cropland). The 
transportation costs associated with delivering the manure is accounted for as an operating 
expense. The price of land used is Sl,800/acre based on the average price for agricultural 
land in southern Wisconsin with no buildings or improvements (WASS, 2000). The land for 
the dairy operation would require sufficient highway access to accommodate semi-trailer 
traffic, access to 3-phase electrical service and adequate water supply. The site would also 
need to be chosen such that an adequate pool of labor is available at a reasonable price. 
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Construction for site preparation and driveways are estimated to cost 555,000 and 
$82,000, respectively. Site preparation could vary due to differences in soil characteristics 
and topology. The manure storage system consists of a concrete storage area that is capable 
of 8 months of storage for the facility. It is estimated that the manure storage facility would 
cost $518,000 based on 6 cents per gallon for concrete storage, 30 gallons of waste/cow/day 
(including milk house waste water) and 1,200 cows for 8 months. It is anticipated the 
manure storage facility will be emptied every 6 months. The additional two months of 
storage provide additional capacity needed in the event of an extremely heavy rain and 
possible weather delays in emptying the storage due to field conditions. 
The well water system, including drilling the well, pump, storage tank and a drip 
chlorination system, is estimated to cost $8,400. The cost of installing watering stations for 
the cows is included in the cost of the buildings. The dairy operation will be equipped with a 
backup propane or diesel generator. An operation of this size will need a 750-kva generator 
that is estimated to cost $50,000. Included in the $50,000 cost is the cost of a three-phase 
connection to the local electric utility and proper backup generator connection. 
It is planned that the free stall barn will be stocked at 100%, i.e. one stall per cow, 
once the operation reaches a steady state of production. The free stall bam for the milking 
cows is planned to have 1.020 stalls given that on average approximately 15% of the herd 
will be dry at any time. This should provide adequate stalls for the milking cows, since many 
operations are designed to have a 110% stocking rate. With a 110% stock rate, there are 10% 
more cows than stalls. This is possible since all the cows are not bedded in a stall at the same 
time. The actual stocking rate of the free stall bam will vary depending on the actual 
percentage of dry and milking cows at any given time. The cost of the free stall bam is 
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estimated to be $1,200 per stall. A dry cow bam with 180 stalls will be constructed at a cost 
of $1,200 per stall. A special needs and calving bam is estimated to cost $360,000. 
The milking parlor, bulk tank and office together are anticipated to cost $984,000. 
The parlor will consist of a double 24-station parlor. It is anticipated 2 people will be 
required to run the parlor, and an additional worker to move cows into and out of the parlor, 
as well as, cleaning the parlor area. Each cow will be milked three times per day. It is 
estimated that actual milking time will be 18 to 19 hours per day, which allows for 5 to 6 
hours of clean up and maintenance per day. 
Feed storage equipment for the dairy operation will consist of a bunker silo, a feed 
shed for concentrates, two metal feed bins and a shed for bedding. It is estimated that the 
bunker silo will cost $139,000. The other feed storage items are anticipated to cost $90,000. 
Other facilities that will be included in the dairy operation are a fully equipped shop and 
machinery shed, which are estimated to cost $100,000. 
Machinery and Equipment 
The assumptions for the machinery and equipment used in this research were 
developed from conversations with members of the Land O Lakes Dairy Business Services. 
The machinery needed by the dairy cooperative include a TMR truck, TMR mixer, packing 
tractor, % ton truck, payloader with bucket, and garden tractor/mower. The milking 
equipment was included in the parlor expenses. The other equipment needed by the 
cooperative includes cattle handling equipment consisting of a livestock trailer, crowd gate, 
and cattle ID and monitoring system, and other equipment such as bedding applicator, feed 
pusher upper, computer/software, washer/dryer, refrigerator/freezer and other office 
furnishings. The total cost of the machinery and equipment to start up the closed dairy 
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cooperative is expected to be $315,800. Appendix A lists all of the machinery and 
equipment needed by the cooperative including the cost of each item. 
Livestock 
In order to populate the operation with livestock, first calf heifers will be purchased. 
All heifers purchased, both to initially stock the facility and replacements needed during 
operation, are assumed to cost $l,800/head based on current market prices. It is recognized 
that actual prices may vary somewhat around this assumed level. However, the calf price 
assumed for week old calves sold by the cooperative is only $90. When heifer prices 
increase above the assumed levels, typically an offsetting increase will be realized in heifer 
calf prices. The 1,200 heifers purchased to populate the dairy operation will cost the 
cooperative $2,160,000. All heifers purchased to replace cows that have been culled from the 
herd, including those culled during the startup phase of the operation are considered to be an 
operating expense and not a capital expenditure. 
While many of the commodity prices used throughout this research are based on 
average prices over the past 11 years (September 1989 through August 2000), the market for 
springing heifers in the upper Midwest has changed considerably over the last several years. 
The trend toward larger dairy operations that typically have higher culling rates and longer 
intervals between calving than traditional smaller operations is expected to continue in the 
future. In the absence of sexed semen available at economical values, this trend will 
continue to reduce the supply and increase the demand for springing heifers. Availability of 
sexed semen at economic prices is uncertain. To be conservative, the current market price of 
replacement heifers is used instead of the long-term average for this research. 
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Working Capital 
The cooperative will require enough working capital to make the delivery payment 
for corn silage and shell com during the first month of operation. In addition, enough 
working capital will be budgeted to cover a typical month's cash expenses. For the 
cooperative analyzed, $550,000 of working capital would be required to meet the standards 
described above. 
Equity Structure 
The equity structure of the closed dairy cooperative differs between four classes of 
assets I) facilities and land, 2) machinery and equipment, 3) livestock and 4) working capital. 
The total capital costs of the closed dairy cooperative are projected to be $7,003,400. Based 
on the equity and debt financing ratios described below for the four classes of assets, the 
cooperative will need $3,922,800 in equity to start up the cooperative, which is 56% of the 
capital requirements. Based on the 161 shares sold in the cooperative to fulfill the 
cooperative's com requirements, the cost of each share in the cooperative will be $24,365. 
It is assumed that long-term facilities and land will be 35% equity financed through 
the cooperative's members contributions and 65% financed by long-term debt issued to the 
cooperative. The members may provide their equity contribution to the cooperative from 
either cash or debt incurred by the member against the members' farm operations. The long-
term debt incurred by the cooperative itself will have a twenty-year term and an interest rate 
of 9.75%. 
Machinery and equipment will be 80% equity financed through contributions by the 
cooperative's members and 20% financed by intermediate debt issued to the cooperative. 
The intermediate debt for machinery and equipment will have a five-year term and an interest 
rate of 9.0%. Livestock purchased to populate the facility will be financed through 80% 
equity contributions from the cooperative's members and 20% intermediate debt. The 
intermediate debt for livestock will have a seven-year term and an 8.5% interest rate. All 
replacements for cows that are culled will be treated as an operating expense. 
Working capital for the cooperative will be funded from equity contributed by 
members through their shares purchased in the cooperative. Short falls in cash after working 
capital has been depleted will be financed by the cooperative through a line of operating 
credit that the cooperative establishes with a lending institution. It is assumed that the 
cooperative will pay an annual interest rate of 11% on the line of credit. Table 3.1 show s the 
total equity and debt positions for the dairy cooperative. 
Alternative Equity Structures 
The 56% equity level capital structure outlined above is based on conservative 
lending restrictions. The closed cooperative should be able find a lender willing to allow the 
cooperative to leverage a larger percentage of its capital requirements. This will reduce the 
equity needed from the cooperative's members. Conventional finance theory states that 
Table 3.1. Total Equity and Debt Positions for Dairy Cooperative - 56% Equity 
Equity Debt Total 
% S % 5 S 
Facility and Land 35% 51,392,160 65% 52,585,440 53,977.600 
Machinery & Equipment 80% S 252,640 20% 5 63,160 S 315,800 
Livestock 80% 51,728,000 20% 5 432,000 52,160,000 
Working Capital 100% 5 550,000 0% 5 0 5 550,000 
Total 56% 53,922,800 44% 53,080,600 57,003,400 
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leveraging a business to a higher degree will lead to a higher return on equity, because of the 
lower debt financing has a lower cost that equity financing. However increasing the 
percentage of leverage used in the capital structure increases the exposure of the cooperative 
to unexpected adverse outcomes. This increases the probability that the cooperative could 
become insolvent by being unable to meet its cash obligations. In order to investigate the 
tradeoffs associated with different capital structures for the cooperative, two lower equity 
levels capital structures were examined. 
One conjecture examined in this research is that counter to conventional finance 
theory the cooperative may be better off by having a higher level of equity in the cooperative 
due to the uncertainty the cooperative is facing. Members may actually have a higher 
expected return on their equity invested in the closed dairy cooperative if the cooperative's 
capital structure has a higher level of equity. The increased equity in the cooperative will 
help insulate the cooperative during periods of poor milk prices or lower than expected milk 
production. In addition to potentially having a higher expected return on equity, by having a 
capital structure with a higher level of equity, it is anticipated the cooperative will have a 
lower probability of not being able to meet is cash obligations. Therefore, both a 46% equity 
level case and 40% equity level case are examined. Tables 3.2 and Table 3.3 show the 
breakdown of the capital structure for the closed dairy cooperative for each of these equity 
level cases. 
By issuing more debt to the cooperative, the members are able to reduce the share 
price by more than 23%. It is likely that the lower share price will appeal to more farmers 
looking at investing in a closed dairy cooperative. This research will provide the trade-offs 
associated with having a higher debt level for the cooperative and lower share price 
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Table 3.2. Total Equity and Debt Positions for Dairy Cooperative - 46% Equity 
Equity Debt Total 
% 5 % $ $ 
Facility and Land 35% 51,392,160 65% 52,585,440 53,977,600 
Machinery & Equipment 60% 5 189,480 40% 5 126,320 $ 315,800 
Livestock 50% 51,080,000 50% 51,080,000 52,160,000 
Working Capital 100% 5 550,000 0% 5 0 S 550,000 
Total 46% 53,211,640 54% 53,791,760 57,003.400 
Table 3.3. Total Equity and Debt Positions for Dairy Cooperative - 40% Equity 
Equity Debt Total 
% 5 % S S 
Facility and Land 30% $1,193,280 70% 52,784,320 S3.977.WM» 
Machinery & Equipment 60% 5 189,480 40% S 126,320 S 315.SOO 
Livestock 40% S 864,000 60% S 1,296,000 52.160.000 
Working Capital 100% S 550,000 0% S 0 S 550.000 
Total 40% 52,796,760 60% 54,206,640 57,003.400 
Table 3.4. Price per Share with Different Equity Contributions 
Total Equity % Total Equity Contributed Price per Share 
40% 52,796,760 517,371 
46% S3,211,640 519,948 
56% 53,922,800 524.365 
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compared with the more conservative higher equity level for the cooperative. Table 3.4 
provides the total equity required and the price per share for the three different equity levels 
assumed for the closed dairy cooperative examined in this research. 
Dairy Model 
Motivation 
In order to determine the feasibility of forming a large-scale closed dairy cooperative, 
a farm level financial model was developed. While there are a number of farm level 
financial models in existence, these models have the shortfall of not tracking the biological 
characteristics of the dairy herd on a monthly basis. Due to this short fall, the Dairy Model 
was developed to link the biologically determined cow flows through the dairy operation to 
the net cash flows of the cooperative. 
It is important to link the cash flows of the dairy cooperative to the biologically 
determined cow flows when starting up a large-scale dairy cooperative for two reasons. 
First, the short length of time in which the dairy operation must reach full capacity creates 
unstable initial results. Second, the extended length of time it takes a dairy operation to reach 
a steady state of production necessitates careful modeling of cow flows in order to obtain 
accurate financial results during the startup phase. It is necessary to reach full capacity 
quickly because of the large fixed costs of the dairy operation. Operating at full capacity 
allows the operation to spread the high fixed costs over the maximum units of production 
(Kriegl, 1998). Conversations with members of the Land O Lakes Dairy Business services 
indicated that the operation should attempt to reach full capacity within four months. 
Typically when starting or expanding a dairy operation, first lactation heifers are 
purchased. By reaching full capacity within four months, most of the heifers will be 
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freshening with in a short time period. An individual cow's milk production follows a well-
defined lactation curve. Milk production increases through the first 60 days or so after 
calving and then declines after reaching peak production. On average, after approximately 
345 days in milk, the cow will enter a dry period for 60 days before calving again. What this 
means for a start-up or expansion herd is that revenues from milk sales will follow a similar 
pattern as the lactation curve, until over time through culling of cows and variations in actual 
milk cycles for individual cows the total milk production for the herd will become less 
variable from month to month. 
Dairy Model Overview 
The following sections describe the Dairy Model developed to determine the 
feasibility of forming a large-scale closed cooperative dairy. The Dairy Model consists of 
three main sections: 1 ) cow flow model 2) data input section 3) cash flow reports. The 
specifications and assumptions for the closed dairy cooperative modeled in this research arc 
included in the description of the Dairy Model provided below. 
Cow Flow Model 
The first step in linking the biological factors to the dairy cooperative's cash flows 
was to develop a model of the cow flows through the dairy operation. In the cow flow model, 
groups of cows are tracked on a monthly basis through their lactation cycles based on the 
month in which the cows first enter the herd. A typical cow's lactation cycle was broken 
down into stages based on Dairy Herd Improvement (DHI) records kept by Dairy Records 
Management Systems (DRMS). DHI records track the stage of lactation profile by dividing 
the lactation cycle into the following five stages: 40 days or less, 41 to 100 days, 101 to 199 
days, 200 to 305 days, and 306 and greater for 1st lactation, 2nd lactation and 3rd + lactation 
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cows (DRMS, 1997). In order to simplify the cow flow model and still capture the important 
differences in milk production during the different stages of lactation, the following groups 
of cows are tracked in the cow flow model: 40 days or less - transition stage, 41 to 200 days 
- early lactation stage, 200 to 345 days - late lactation stage, and 345 to 405 days - dry cows. 
These groups are tracked for both primiparous (heifers - Ist lactation cows) and muciparous 
(mature cows - 2nd + lactation cows). 
In the cow flow model, it is assumed that each month has exactly 30 days. Each cow 
has a lactation cycle of exactly 405 days (345 days milking and 60 days dry). In any month, 
the number of cows freshening is calculated by assuming that the cows freshen during the 
month following a uniform distribution (i.e. an equal number of cows freshen each day of the 
month). In the start-up phase of the operation it is assumed that the cows delivered to the 
operation freshen in the month they are received. It is assumed that all cows are delivered to 
the operation on the 1st day of the month. 
Cows are assumed to leave the herd based on an annual culling rate input by the user 
of the model. The annual culling rate is allowed to vary by year. This feature allows for a 
higher culling rate to be applied during the first year when culling rates are typically higher. 
It is also possible to see the impact of allowing the annual culling to be a stochastic variable 
as was done in this research. The cow flow model assumes that all culling occurs on the last 
day of the month. The culling rate is applied in such a way that the same percentage of coxvs 
from each stage of lactation and age class is assumed to leave the herd each month. 
Replacements are purchased on the last day of the month. After the initial 4 months of 
operation when dairy is stocking the facility with cows, the replacement heifers are assumed 
to freshen uniformly between a month and two months after they are delivered to the herd. 
During the 4-month stocking phase of the facility, it is assumed that the heifers freshen 
during the month they are delivered to the facility. This is because it is assumed that initially 
the heifers will be contracted for before delivery to the facility. Until they freshen, the 
replacement heifers are counted as dry cows in the cow flow model. 
The number of cows in each stage of lactation in any month is calculated based on the 
number cows remaining in the stage from the previous month after the culling rate is applied, 
the number of cows leaving that lactation stage, and the number of cows entering that 
lactation stage. For the cows that freshened in month 1, the percentage of cows in each stage 
of lactation was graphed for the first two lactation cycles in Figures 3.1 and 3.2. 
Figure 3.1 shows the daily percentage of cows in each stage of lactation for the 1st 
405 days for a group of cows that freshen uniformly throughout month 1. Since cows 
freshen uniformly throughout the month, the average number of cows in each stage of 
lactation can be calculated for each month using Figure 3.1. For example, it can be seen 
from the area under the transition stage line that during the first month on average Vz of the 
cows for this group will be in the transition stage while the other half will be in the dry stage. 
At the end of month 1, cows will be culled from the group of cows that freshened in 
month 1 based on the monthly culling rate for the herd. Therefore, in month 2, only 1 minus 
the monthly culling rate times the number of the cows freshening in month 1 will still be 
remaining in the herd. Of these remaining cows in month 2, from the area under the 
transition stage line, on average 7/9ths of the cows will be in the transition stage. The other 
2/9ths of the cows will have moved into the early lactation stage. For month 3, only 1 minus 
the monthly culling rate times the number of the cows from this group in month 2 will be left 
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Figure 3.2. Percentage of Cows in Each Lactation Stage by Day for Cows that Freshen in Month 1 - 2nd Lactation Cycle 
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in the herd. Of the remaining cows, from the area under the transition stage line on average 
1/I8lh of the cows that freshened in month 1 will be in the transition stage while 17/18ths of 
the cows still in the herd that freshened in month 1 will be in the early transition stage. This 
process is repeated for the remainder of the first two lactation cycles. 
Since the lactation cycle is 13.5 months in length, the percentage of cows in each 
stage of lactation for those cows still remaining in the herd from the group of cows that 
freshened in month 1 will be the same in month 28 as month 1. Table 3.5 shows the fraction 
of cows that freshened in month 1 in each stage of lactation for the first 27 months. 
Table 3.5 is the basis for tracking the number of cows in each stage of lactation 
through the cow flow model. Cows that freshen in month 2 follow the same progression 
through the lactation cycle and Table 3.5 was used to determine the fraction of cows in each 
stage of lactation for this group of cows as well. While Table 3.5 outlines the fraction of 
cows that freshened in month 1 in each stage of lactation, the culling rate for the herd w as 
taken into account in order to determine the actual number of cows in each stage of lactation. 
As mentioned above, the cow flow model allows for a different annual culling rate to 
be applied to the herd each year (culling rates refer to cows sold and died). In order to 
incorporate the loss of cows from the herd due to culling, a matrix was developed to track the 
percentage of cows remaining in the herd based on the month they entered the herd. For 
example, for cows entering the herd in month 1 there will only be 1 - (annual culling rate/12) 
of these cows left in the herd in month 2. By tracking the percentage of cows remaining in 
the herd for each group based on when the cows entered the herd, the number of cows in 
each stage of lactation was determined. 
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Table 3.5. Fraction of Cows Freshening in Month 1 in Each Lactation Stage for the 
First Two Lactations 
Month 
1st 
Transition 
Lactation 
Early Late Dry 
Mature Cows 
Transition Early Late 
1 1/2 1/2 
2 7/9 2/9 
3 1/18 17/18 
4 1 
5 1 
6 1 
7 17/18 1/18 
8 2/9 7/9 
9 1 
10 I 
11 I 
12 7/8 1/8 
13 1/8 7/8 
14 7/8 1/8 
15 1/8 31/36 1/72 
16 25/72 47/72 
17 1 
18 1 
19 1 
20 1 
21 47/72 25 47 
22 1/72 71 72 
23 1 
24 1 
25 1 
26 1/2 1/2 
27 1 
Figures 3.3 through 3.6 show the number of cows in each stage of lactation for the 
first four years of operation. In creating the figures the assumptions follow those outlined in 
the Data Input Section. An annual culling rate of 44% is assumed for the first year and 34% 
each year thereafter. The dairy will reach full capacity within four months with all animals 
delivered to the cooperative as first calf heifers. 
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Figure 3.7. Number of Cows in Each Lactation Stage - Year 10 
As seen in Figures 3.3 through 3.6, there is a large variation in the number of cows in 
each stage of lactation. Given the differences in milk production during the different stages 
of lactation, this will translate into large variations in the revenues from milk sales. Figure 
3.7 shows the number of cows projected to be in each stage of lactation during year 10. By 
inspecting Figures 3.3-3.7 it is easy to see that in year 10 the monthly variation in the number 
of cows in each lactation stage has been almost completely eliminated. This shows that 
typical budgeting models may adequately represent a herd depicted in Figure 3.7. However, 
typical budgeting models miss the variability caused by the biological nature of milk 
production especially for the early years of a dairy operation. 
Data Input Section 
Appendix A shows the complete data input section for the Dairy Model used the 
assumptions in this research under the 56% equity level case for the cooperative. The milk 
production data that appears in Appendix A represents the medium production level case as 
defined later. The data assumptions in the data input section of the model follow those 
outlined in the cooperative section discussed earlier for facilities, machinery and equipment. 
Price Information 
Table 3.6 shows the feed prices, dry matter percentages and price per pound of dry 
matter for the feeds used in the dairy rations. The prices shown in Table 3.6 are based on the 
last 11 years average prices - September 1989 through August 2000 - for corn (com silage 
and shell corn), and hay (WASS, various issues). Soybean meal prices are based on 
USDA/AMS data. The 11-year price series was based on 44% protein soybean meal. In 
order to compensate for the 48% protein used in the ration the price was increased by 5% 
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Table 3.6. Feed Prices for Dairy Ration 
Ingredient Price/Ton Price/lb (DM) % Dry Matter 
Shell Com S132.16 50.075 88% 
Com Gluten Feed S 120.00 50.067 90% 
Com Silage $23.67 $0.030 40% 
Soybean Meal, 48% S 189.99 50.106 90% 
Whole Cotton Seed S207.00 50.113 92% 
Alfalfa Hay, Early Bloom 571.23 50.04 90% 
SoyPlus S240.00 50.135 89% 
Calcium Carbonate S 149.00 50.075 100% 
Fat S600.00 50.306 98% 
Sodium Bicarbonate S380.00 50.190 100% 
Salt S128.00 50.064 100% 
Urea S400.00 50.200 100% 
Dairy Micro Premix 52,000.00 51.00 100% 
Dicalcium Phosphate 18.5 5346.00 50.173 100% 
Magnesium Oxide S318.00 50.159 100% 
Dry Cow Supreme PX S 1,460.00 50.793 92% 
Soybean Hulls S 120.00 50.067 90% 
Magnesium Sulf. 5520.00 50.260 100% 
based on the current price differential between 44% and 48% protein soybean meal. The 
other ration ingredients are based on local cooperative prices in July 2001. 
Based on the milk price during the September 1989 through August 2000 time period, 
the average milk price is $13.51/cwt. The milk is based on the average mailbox price 
received by Wisconsin farmers before any hauling and marketing expenses are removed 
(WASS, various issues). While data on the price series used in this research is available for 
many years prior to 1990, in 1990 there was a major change in federal dairy policy. 
Government purchase of dairy products to support price was greatly reduced and there is 
little reason that there will be a return to pre-1990 policies. Milk prices have behaved 
significantly different since 1990. Examination of the milk prices over the last 20 years 
shows a considerable increase in the variability of milk prices since 1990. For this reason, 
price series for all of the variables that are simulated in this research were restricted to the 
1989 through 2000 time frame to attempt to use a historical time period that is relatively 
consistent with expected future prices. 
The price received for all calves sold is S90/head. At the current time the calf price 
may be low, but the replacement price will be higher than the Sl,800/head assumed. The 
spread between calf prices and replacement heifers is anticipated to remain fairly constant. 
Cull cow prices are simulated as well in the model. The average cull price at the historical 
price of S4l.88/cwt, based on prices from September 1989 through August 2000 as reported 
by WASS (various issues). Replacement heifers, as well as, the heifers purchased to start the 
operation, are assumed to cost Sl,800/head based on current market prices given the changes 
in the replacement heifer market discussed earlier. 
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Table 3.7. Feed Rations 
Ingredient 
Transition 
Day 1-40 
Lbs. 
Early Lactation 
Day 41-199 
Lbs. 
Late Lactation 
Day 200 + 
Lbs. 
Dry 
Cows 
Lbs. 
Shell Corn 1.76 6.88 4.40 0.00 
Corn Gluten Feed 4.50 6.30 6.30 0.00 
Corn Silage 22.40 21.92 22.92 21.90 
Soybean Meal, 48% 4.50 4.05 4.54 1.56 
Whole Cotton Seed 2.76 3.68 1.84 0.00 
Alfalfa Hay, Early Bloom 3.60 3.60 3.60 3.60 
SoyPlus 2.58 2.48 0.00 0.00 
Calcium Carbonate 0.70 0.78 0.61 0.05 
Fat 0.36 0.46 0.00 0.00 
Sodium Bicarbonate 0.40 0.35 0.35 0.00 
Salt 0.18 0.20 0.19 0.04 
Urea 0.15 0.20 0.20 0.00 
Dairy Micro Premix 0.10 0.11 0.10 0.00 
Dicalcium Phosphate 18.5 0.10 0.09 0.10 0.00 
Magnesium Oxide 0.02 0.02 0.00 0.04 
Dry Cow Supreme PX 0.00 0.00 0.00 0.12 
Soybean Hulls 0.94 0.00 1.82 0.09 
Magnesium Sulf. 0.00 0.00 0.00 0.10 
S/lb S3.06 S3.55 2.88 SI.2I 
DMI 45.05 51.12 47.01 27.50 
Cost/lb. Of DMI S0.063 SO .066 $0.057 S0.040 
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Feed Rations 
Table 3.7 shows the feed rations for the different groups of cows based on stage of 
lactation. All ration ingredients are shown in pounds of dry matter. The rations shown are 
based on a 1,350 lb cow producing 73 lbs of milk per day in the transition stage, 90 lbs in the 
early stage, and 60 lbs in the late stage. The rations were developed assuming the fat content 
of milk produced is 4%. The rations were provided from a local Land O' Lakes dairy 
nutritionist. The NRC Dairy Cattle Program (NRC, 2001) was used to verify the rations. 
A key feature of the Dairy Model is that the dry matter intake (DMI) of the cows is 
tied directly to the milk production input into the model for each stage of lactation. The daily 
dry matter intake in each stage of lactation is predicted based on the 2001 National Research 
Council (NRC) recommendations (NRC, 2001). The NRC formula for predicting dry matter 
intake for lactating Holsteins regardless of age is: 
DMI (kg/d) = (0.372 * FCM t 0.0968 * BW075) * (1 -e'"0(5) 
where 
FCM = 4% fat corrected milk (kg/day), 
BW = the body weight (kg), 
WOL = week of lactation, 
( 1 - e1"0192 *<XVOL ~ -V("))) = correction factor for depressed DMI during early lactation. 
For dry cows the following formula is used for predicting the dry matter intake. 
DMI (kg/d) = (1.97 - (0.75 * e(0 16 "DaysPreg " 280)) / 100) * BW (6) 
where 
DaysPreg = the number of days the cow is pregnant. 
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The NRC formula for dry matter intake is used to scale the rations shown in Table 3.7 
based on the milk production input into the model, fat content of 3.7%', week of lactation8, 
and body weight. 
After calculating the DMI based on the milk production input into the model the feed 
rations shown in Table 3.7 are scaled to the correct level of dry matter intake. This is a very 
important step in obtaining accurate feed cost for each individual draw in the simulation. 
When a different milk production level is drawn, the feed intake will automatically adjust. In 
this way, additional milk production will only come at the expense of higher feed costs. 
The Dairy Model only accounts for scaling the feed rations to account for changes in 
milk production levels. The feed rations are not changed due to changes in relative feed 
prices or milk prices. There are several reasons why the feed rations are not allowed to 
change in the model. First, in the closed cooperative member agreement, the quantity of com 
silage and shell com delivered to the cooperative is predetermined based on the members' 
obligations9. Therefore, it is not practical to dramatically change the percentage of shell com 
or com silage in the feed ration. Second, given the high capital costs involved in this type of 
modem dairy operation, it is in the best interest of the manager to attempt to maximize milk 
production with the ration being fed without regard to the milk price received over wide 
ranges of milk prices. Third, attempting to make short-term adjustments to feed rations to 
optimize on changes in relative feed prices can have long-term milk production consequences 
for the herd. Finally, in the upper Midwest the opportunity to incorporate a number of 
' Based on WI statewide average butterfat test (WASS, 2001). 
8 For each stage of lactation the correction factor is calculated for each week in that stage of lactation. The 
correction factor is then averaged over the weeks in each stage of lactation to calculate the correction factor 
used in the Dairy Model for predicting dry matter intake for each stage of lactation. 
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different alternative feeds into the ration is much more limited than in the western, 
southwestern, or southeastern United States. 
Table 3.8 shows the body weights used along with defining the stages of lactation in 
terms of days in the lactation. The body weights are based on DHI estimates for Holstein 
cows based on age (DRMS, 2001). 
Milk Production Data 
The simulated milk production for each stage of lactation and age class are based on 
distributions developed using actual herd DHI production records from the Dairy Record 
Management Systems (DRMS) for herds in New York, Pennsylvania, Iowa and Wisconsin. 
These states were chosen because they have similar climates and dairy operations in these 
states have similar management styles. Also, these states had a sufficient number of large 
(>300 cow) dairies to develop meaningful distributions. The data set received from DRMS 
contains DHI records for herds from January 1, 1998 through May 15, 2001. Only the data 
Table 3.8. Average Body Weight of Cows by Age and Stage of Lactation 
Average Body Weight (lbs.) 
Stage of Lactation Days in Milk Is' Calf Heifers Mature Cows 
Transition 1-40 990 1,215 
Early 41-199 1,100 1,350 
Late 200+ 1,210 1,418 
Dry 345-405 1,375= 
1 Dry cow body weight is based on the weighted average of cows in the herd that are dry and replacement 
heifers prior to calving. 
9 The cooperative will purchase either shell com or corn silage in the market if due to higher than expected milk 
production there is a short fall based on the members' delivery obligations. 
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from January I, 1998 through December 31, 2000 was used in the sample to enable a full 
years worth of observations for each herd to be incorporated into the distribution. 
In order to create the distribution from the all of the herd data that was supplied by 
DRMS, only herds that had an annual average of 300 cows or more were included in the 
sample. This was to insure that similar management and technology is being used as the 
dairy operation we are modeling. Only herds that milked cows three times per day were kept 
in the sample. After these herds were selected, only the upper 50% percentile of the herds, 
determined using the rolling herd average for milk production based on the last available test, 
were kept in the sample. The reason for only keeping the highest 50% percentile is that the 
dairy operation we are modeling will use the best technology available, a professional dairy 
manager is hired to run the dairy operation, and BST will be used to increase milk 
production. Such an operation needs to have a high level of production performance to 
justify these added costs. 
Since the model developed is a monthly model, it required monthly production data 
for an entire year for a single herd. The DRMS data set provided the monthly data that was 
linked together by herd. However, given the nature of DHI testing and some missing data for 
herds, several herds did not have data for every month for the entire time period. In order to 
maximize the number of useful observations, an attempt was made to fill in some of the 
missing data. If only one month of data was missing for the herd during a year, the previous 
and next months records were averaged to fill in the missing observation. In total 50 missing 
monthly observations were replaced with average values. Remaining in the sample were 120 
years of monthly data, for a total of 1,440 observations. The average of the rolling herd 
averages for the herds remaining in the sample is 24,642 lbs of milk. 
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Table 3.9. Average Daily Milk Production by Age and Stage of Lactation 
Average Daily Milk Production (lbs.) 
Stage of Lactation Days in Milk 1st Calf Heifers Mature Cows 
Transition 1-40 64.4 90.2 
Early 41-199 78.9 93.4 
Late 200+ 68.0 65.4 
Table 3.9 shows the annual average milk production per day for each lactation stage 
and age class for the distributions created from the DRMS data set. 
Three different milk production levels were examined to help capture the uncertainty 
involved with the skill level of management that will be hired by the cooperative. In each of 
the three milk production levels a learning progression is mapped for the cooperative to 
capture improvements over time. Efficiency gains due to better genetics and production 
practices anticipated over the study period are also included in the different production level 
paths. To construct the different production level cases, the milk production for each stage of 
lactation and age class was scaled by the factors shown in Table 3.10. 
The reason for scaling the production levels is to develop a realistic growth path of 
milk production per cow for the dairy operation. During the first few years of operation, 
additional stress on the cows along with inexperience with the new operating systems can 
result in lower production. After the dairy cooperative has been operating it is anticipated 
milk production per cow will increase. Since the milk production data from the DRMS data 
set consists mostly existing herds, the first few years was scaled by less than 100% in order 
to capture the lower expected production with a startup herd. Depending upon the 
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Table 3.10. Milk Production Cases 
Year 
High Production Case 
Factor Lbs/cow/year1 
Medium Production Case 
Factor Lbs/cow/year3 
Low Production Case 
Factor Lbs/cow/year' 
1 95.00% 22,977 85.00% 20,558 80.00% 19,349 
2 100.00% 23,995 90.00% 21,595 85.00% 20,396 
3 102.50% 24,355 95.00% 21,974 90.00% 20,758 
4 105.06% 25,152 100.00% 23,940 95.00% 22,743 
5 107.69% 25,856 102.00% 24,490 100.00% 24,010 
6 110.38% 26,622 104.04% 25,092 101.00% 24,359 
7 113.14% 27,397 106.12% 25,697 102.01% 24,702 
8 115.97% 28,195 108.24% 26,317 103.03% 25,049 
9 118.87% 28,872 110.41% 26,817 104.06% 25,275 
10 121.84% 29,529 112.62% 27,294 105.10% 25,472 
a Based on Dairy Model projections for the number of cows in each lactation stage for that year. 
production level case constructed the herd will reach the expected level of production derived 
from the DRMS data set between years 2 and 5. After that production is anticipated to 
increase as discussed above. Once the herd reached its expected production level for the 
DRMS data set, the production levels were increased each year by 1% in the low production 
case, 2% in the medium production case and 2.5% in the high production case. 
This increase in milk production per cow represents gains from learning by 
management, and increased technology efficiency. The Wisconsin statewide average 
production per cow has increased 2.9% per year since 1996 (WASS, 2001). While some of 
the increase in the statewide average production per cow is from lower producing herds 
leaving the industry, some of the increase can be attributed to efficiency gains by existing 
herds. The herds in the DRMS data set used to create the milk production distributions used 
in this study had an average increase in milk production per cow of 2.1% each year from 
1998 to 2000. 
Other Biological Data 
The annual culling rate for the herd will also be a stochastic variable based on the 
DHI herd data provided by DRMS. The annual average culling rate for the sample of herds 
used is 34%. Of the 34% culling rate 4.5% is the average death rate and the remaining 
29.5% are sold. In this study all cows sold will be sold for slaughter at cull cow prices. The 
herds in the DRMS data set consist mostly of established herds. It is generally accepted thai 
culling rates in newly assembled herds are likely to be higher than average during the first 
year of operation. Therefore, the culling rate for the first year is assumed to be 10°» higher 
than the culling rate drawn from the distribution created from the DRMS set. 
Milk loss from mastitis and other diseases is calculated based on 12% of the milking 
herd being infected with mastitis annually requiring 4 days of treatment. Other diseases are 
assumed to infect 2% of the herd annually and require 7 days of treatment. Losses due lo 
decreased production after being infected with mastitis is assumed to be captured from the 
DHI data used to create the distributions for milk production by stage of lactation. Calf 
mortality is assumed to be 12.5%. 
Average Annual Non-Feed Variable Expenses 
Repair and maintenance for building and equipment expenses are assumed to be 2% 
of the initial value of the assets (Kreigel, 1998). The non-feed variable expenses10 are shown 
10 Variable Expenses are based on the S/cow expenses in Frank. G. and Vanderiin. J., "Milk Production Costs in 
1999 on Selected Wisconsin Dairy Farms" Center for Dairy Profitability, College of Agriculture and Life 
Sciences, and Cooperative Extension. University of Wisconsin-Madison. July 31. 2000. 
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in Appendix A. It was assumed that BST would be used on the herd at an annual expense of 
$242,000. 
The dairy cooperative will require 40-labor hours/cow/year. With a herd of 1,200 
cows, 48,000 labor hours are needed for each year. Labor is paid $8.75/hour. Including 30% 
for employer taxes and benefits, the cooperative faces a labor expense of S10.75/labor hour. 
Total annual labor costs are $516,000. The labor expense does not include the manager's 
salary of $70,000 per year, which includes all benefits and employer taxes. Labor expenses 
are assumed to increase at 2% per year. 
Manure management expenses are calculated by assuming 30 gallons of 
waste/day/cow, including milk house wastewater. Cost of application is S0.0075/gallon 
(Edwards, 2001). The expenses for manure application occur in the months of October and 
April. It is assumed that manure rights are obtained for the cost of application and no 
positive income is derived by the cooperative from selling manure rights. 
Simulation Methodology 
In order to perform a simulation to calculate the net cash flows for the dairy 
cooperative, @Risk was used to generate 1,000 data sets each consisting of 10 years of 
monthly com prices, milk prices, soybean meal price, cull cow price, culling rate, and milk 
production for each stage of lactation and age class. It was assumed that the price and 
biological variables are independent for the simulation performed. While it is possible that 
as the milk to feed ratio increases individual farmers may change feed rations to increase 
milk production, the true biological relationship between feed intake and milk production 
will be unaffected by the price of feed or milk prices. This is consistent with the way the 
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Dairy Model is set up to scale the dry matter intake on milk production level, while leaving 
the feed rations unchanged. 
Price Variables 
There are a total of 48 price variables that are each simulated for 10 years. The 48 
price variables consist of 12 monthly variables for each of four different prices. The four 
prices considered stochastic in this simulation are: 1) com price, 2) soybean meal, 3) milk 
price and 4) cull cow price. The summary statistics for the historical values of the 48 price 
variables are reported in Appendix B-l. 
A multivariate empirical distribution was specified as the probability distribution for 
the monthly price variables in order for @Risk to perform the Monte Carlo simulation. The 
multivariate empirical distribution was chosen because of the relatively small number of 
observations for each monthly price variable. As described earlier the distributions for the 
price variables were specified using data from September 1989 through August 2000. Major 
changes to the milk price series took place in 1990, therefore, the milk prices before 1990 are 
really not relevant to what is expected for future milk prices. Because the historical time 
series used was short, only 11 observations are present for each monthly price variable. 
Richardson (1999) provides a description of the multivariate empirical probability 
distribution. Richardson explains how to incorporate a correlation matrix into an @Risk 
simulation when the empirical probability distribution is assumed. Other authors have used 
the empirical distribution when the number of observations is limited. Elberhri and Yonkers 
(1995) used the empirical distribution when performing a Monte Carlo simulation to 
determine the impact of BST on milk production. 
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In defining the parameters for the multivariate empirical distribution @Risk allows 
for a correlation matrix to be specified. The correlation between each monthly price variable 
was estimated based on the historical correlation calculated between all 48 of the price 
variables to be simulated. For example, the correlation between September com price and 
October com price is used in the simulation as well as the correlation between September 
com price and November milk price. By specifying a multivariate distribution the 
relationships that exist between the different price series including the correlations across all 
of the 48 price variables will also be present in the simulated data the @Risk generates. 
Appendix B-2 shows the price variable correlations for the data set that are used by (u Risk in 
generating the simulated data set. 
Biological Variables 
Earlier the data set constructed from the DRMS data set was described. In total 120 
observations are available for each monthly stage of lactation milk production variable. 
Since this is a fairly large number of observations, the monthly biological variables were 
assumed to follow a multivariate normal distribution. The mean, standard deviation and 
correlation matrix1 ' was specified for the multivariate normal distribution based on the 
sample statistics calculated. There are a total of 84 biological variables specified in the 
multivariate normal distribution (daily average milk production for the 1st lactation transition 
stage, 1st lactation early lactation stage, 1st lactation late lactation stage, mature transition 
stage, mature early lactation stage, mature late lactation stage and culling rate for all 12 
months). Appendix B-l reports the summary statistic of the historical values for the 84 
11 @Risk automatically calculates the covariance matrix for a multivariate normal distribution based on the 
mean, standard deviation and correlation matrix provided as input. 
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biological variables. Appendix B-3 shows the biological variable correlations for the data set 
that are used by @Risk in generating the simulated data set. Appendix B-4 shows the 
distributions for each stage of lactation and age class. The distributions shown in Appendix 
B-4 were created by combining all of the monthly distributions into an annual distribution for 
each stage of lactation. In the simulation, the monthly distributions are used as the basis for 
performing the simulation. 
After specifying the distributions that are used to simulate the variables, @Risk was 
used to create 1,000 sets each consisting of 10 years of monthly data. Each set of price and 
biological variables were then input into the Dairy Model to determine the net cash flows for 
the dairy cooperative in each case. 
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CHAPTER 4. RESULTS 
The simulated price and biological variables were used as inputs in the Dairy Model 
to calculate the first 10 years of net cash flows to the large-scale closed dairy cooperative for 
each of the 1,000 iterations that were simulated. From the net cash flows, the com payments 
to the cooperative members and the rate of return on the investment made by the cooperative 
members were calculated. The results were calculated for the three alternative equity levels 
established for the closed cooperative, 56%, 46% and 40%, and the three assumed production 
levels, high, medium and low. In addition, the simulation results were used to develop an 
estimate of the probability that the large-scale closed dairy cooperative would survive under 
the different equity and production level scenarios. 
Probability of Survival 
Survival is defined as the cooperative remaining in operation. In order to continue 
operating, the cooperative must meet all of its cash obligations and maintain solvency criteria 
specified by creditors. To calculate the probability of the cooperative surviving, it was 
assumed that the cooperative would have access to a predetermined line of credit. The level 
of credit that the cooperative can access depends on the initial equity level of the cooperative. 
Each cooperative draw was allowed to have access to a line of credit such that its total debt 
level would not exceed 80% of its initial asset value, excluding any working capital the 
cooperative had initially. It is further assumed that all working capital would be utilized 
before drawing on a line of credit. During the simulation, if in any month the cooperative 
would exceed a line of credit that would result in an 80% debt position the iteration was 
counted as a failed cooperative. The cooperative is forced into bankruptcy as a result of 
inadequate cash. 
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In all of the cases examined the cooperative started with total assets of $7,003,400. 
After the working capital is depleted, the cooperative has total assets of $6,453,400. In the 
56% equity level case, the total starting debt is $3,080,600. Applying an 80% debt-to-asset 
ratio as the criteria for determining the maximum line of credit available, the cooperative can 
have total debt outstanding equal to $5,180,600. Subtracting the initial level of debt yields a 
maximum line of credit equal to $2,100,000. Using the same 80% debt-to-assets criteria for 
determining the line of credit available to the cooperative for the other equity level cases 
results in a line of credit equal to $1,400,000 available to the cooperative in the 46% equity 
level case and $1,000,000 available to the cooperative in the 40% equity level case. 
The additional initial equity investment by the members allows the cooperative to 
access a larger line of credit to cover short-term variability in cash flows, and temporary 
unfavorable price or production conditions. The cooperative with lower capitalization 
already faces higher debt costs. This represents an additional cash liquidity limitation 
cooperatives with lower capitalization must face. 
The probability of survival was calculated by summing the number of iterations 
where the cooperative exceeded its available line of credit. The probability of the 
cooperative failing was calculated by dividing the total number of iterations where the 
cooperative exceed the available credit by the total number of iterations (i.e. 1,000). The 
probability of survival is simply one minus the probability failure. The probability of 
survival was calculated at three time intervals; the first three years, the first five years and the 
first ten years. Looking at the three different time frames yields insights about when the 
cooperative will have the most difficult time surviving. The first three years of operation 
correspond to the startup phase for the cooperative. During this stage of operation the dairy 
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operation is struggling with higher culling rates, more variable monthly cash flows and 
learning how the new system operates. From the third to fifth year, the dairy operation is 
approaching a steady state of production, however, it is still saddled with the initial debt 
incurred to stock the operation with livestock. The fifth year through tenth year gives an 
indication of how the cooperative will fare once steady state production has been reached. 
While it is assumed milk production per cow will continue to increase each year, it will not 
increase as quickly as it increased during the startup phase. During this period the debt on 
the initial purchase of livestock will be paid off. Tables 4.1, 4.2 and 4.3 show the probability 
of the large scale-dairy cooperative surviving through the first three years, the first five years 
and the first ten years, respectively. 
Table 4.1. Probability of Cooperative Surviving Through First 3 Years 
Production Levels 
Equity Levels Low Medium High 
40% 69.1% 90.7% 99.8% 
46% 94.5% 99.6% 100.0% 
56% 100.0% 100.0% 100.0% 
Table 4.2. Probability of Cooperative Surviving Through First 5 Years 
Production Levels 
Equity Levels Low Medium High 
40% 36.1% 77.1% 98.6% 
46% 76.8% 95.2% 99.9% 
56% 99.2% 100.0% 100.0% 
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Production Levels 
Equity Levels Low Medium High 
40% 33.7% 69.9% 98.5% 
46% 65.4% 91.5% 99.9% 
56% 97.9% 99.9% 100.0% 
Tables 4.1, 4.2 and 4.3 show that increased equity invested by members corresponds 
to an increased probability of the cooperative surviving regardless of the production level 
achieved by the cooperative. The importance of increasing the level of equity invested in the 
cooperative is most significant in the low production case. In the low production case with 
only 40% equity invested in the cooperative there is only a 33.7% chance that the cooperative 
will survive through the first 10 years. However, if 56% equity is invested in the cooperative 
there is a 97% chance that the cooperative will still be operating after the first 10 years. 
While this result is not surprising, it points out the need for high production if leverage is 
used. If the cooperative members insist on a low level of equity investment, they must insure 
a high production level path is achieved by the cooperative or face a significant probability of 
failure. 
In comparing the different time periods shown in Tables 4.1,4.2, and 4.3, the 
cooperative stands a reasonable chance of surviving the first 3 years, except when the 
production level is low and only 40% equity is invested, because of the way the initial 
financing of the cooperative is structured. It is between year 3 and year 5 of operation that 
unfavorable outcomes of prices and biological variables along with low production levels 
start to impact the probability of survival and we see a large percentage of the failures 
occurring. While, there are outcomes that can cause the cooperative to fail after year 5, once 
the cooperative reaches year five the probability of failure decreases dramatically in most of 
the equity and production level cases. The only exceptions are in the cases where the 
cooperative is well positioned from an equity and production standpoint and only the extreme 
outliers in prices and biological variables cause a cooperative failure. In these extreme cases, 
the cooperative faces approximately an equal chance of failure during any stage of operation. 
This indicates that the failure resulted from an unusually unfavorable combination of price 
and biological outcomes. 
Assuming that a 10% chance of failure is the maximum acceptable risk that 
cooperative members are willing to undertake, the cooperative will be limited to investing 
only 40% equity if they can achieve a high production level. If members are willing to invest 
46% equity in the cooperative they would be able to meet the 10% criterion in either the 
medium or high production level cases. Under a 56% equity level of investment the 
cooperative will be safely below the 10% chance of failure criterion at all three levels of 
production assumed in this research. 
Table 4.4 shows the number of cooperatives that failed in each year for all the 
production and equity levels. The information reported in Table 4.4 was used to calculate 
Tables 4.1, 4.2 and 4.3. Table 4.4 shows in most cases the initial financing will provide the 
necessary cash to remain in operation for the first two years. The exception is when only 
40% equity is invested in the cooperative. Generally, years 3 through 5 are when the 
cooperative faces the greatest risk of failure. After year 8, the probability of failure for the 
cooperative is reduced dramatically. 
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Table 4.4. Number of Cooperatives that Failed by Year 
High Production Level Med. Production Level Low Production Level 
Year 40% 46% 56% 40% 46% 56% 40% 46% 56% 
1 0 0 0 0 0 0 0 0 0 
2 0 0 0 8 0 0 46 0 0 
3 2 0 0 85 4 0 263 55 0 
4 3 0 0 82 30 0 175 103 1 
5 9 1 0 54 14 0 81 74 7 
6 0 0 0 39 19 0 56 53 3 
7 1 0 0 16 13 1 18 39 2 
8 0 0 0 16 3 0 17 17 3 
9 0 0 0 0 1 0 6 3 3 
10 0 0 0 1 1 0 1 2 2 
Total 
Failed 15 1 0 301 85 1 663 346 21 
Percent 
Surviving 98.5% 99.9% 100% 69.9% 91.5% 99.9% 33.7% 65.4% 97.9% 
In this research, the production levels are not considered a choice variable for the 
cooperative. There were no additional capital expenditures associated with the higher 
production levels. However, increased feed costs were associated with higher production 
levels. The different production levels are meant to provide a range of possible average 
production growth paths for the cooperative. This underscores the importance of investing a 
higher equity level when starting up the cooperative, since there are no assurances that the 
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cooperative will be able to follow the high production level. If the cooperative achieves the 
higher production levels, leverage can usually be increased through deliberate borrowing if 
members desire to do so. 
Returns from the Cooperative 
From the simulated monthly net cash flows of the large-scale dairy cooperative, 
several measures of the returns to the members from the cooperative are calculated and 
compared for the different equity levels and production levels. All of the results are reported 
on a discounted basis to insure that the time value of money is reflected in the calculations. 
All calculations use a 6% discount rate. The discounted results are reported in 141 year 
dollars. That is no discounting is applied to the first year cash flows. 
As discussed in the previous section, there are iterations in the simulation where the 
cooperative was unable to continue operating because it exceeded the predetermined line of 
credit. In reporting the returns from the cooperatives for a particular year, only those 
cooperative draws that had not exceeded their line of credit in that year (or any previous 
year) were used in calculating the returns from the cooperative. Once a cooperative exceeded 
its line of credit, it was removed from the calculation of the returns from the cooperative for 
that year and all remaining years of the simulation. The 10-year annual average returns are 
based on the average over the number of years that the cooperative was operating. For 
example a cooperative that failed in year 5, the 10-year annual average return for that 
cooperative draw is the average returns over the 4 years that it was operating. This implies 
that the returns reported ignore any losses incurred by cooperative member's initial 
investment in a failed cooperative. Since a cooperative doesn't fail until the debt-to-assets 
ratio reaches 80%, it is unlikely that cooperative members would recover any significant 
fraction of the their initial cash investment in a failed cooperative. Selling a specialized asset 
such as a dairy at full book value can be very difficult in a bankruptcy situation. These losses 
were not calculated into the 10-year cash flows or other returns reported for the cooperative. 
The returns reported are to be interpreted as the returns from the cooperatives that are in 
operation at the time. 
Net Cash Flows 
The first measure of returns from the cooperative reported is the discounted annual 
net cash flows for the large-scale dairy cooperative. Net cash flows are an important 
indicator of the returns from the cooperative in that they show the ability of the cooperative 
to continue to meet all of its cash obligations. Moreover, the value added payment to the 
members from delivering corn (corn silage) to the cooperative is paid to the members from 
the annual net cash flows of the cooperative after its cash obligations are met. Net cash flows 
are defined as follows. 
Net Cash Flows = Cash Revenues - Cash Expenses (7) 
Cash Expenses include, operating cash expenses, interest expense, principal payments and 
the cost of replacement heifers (the initial 1,200 heifers purchased are capitalized). Cash 
Expenses do not include depreciation expense, but do include appropriate repair and 
maintenance of fixed assets. 
Table 4.5 shows the summary statistics for the discounted annual net cash flows over 
the first 10 years of operation for the cooperative assuming a medium production level and 
56% starting equity level. Table 4.5 also shows the discounted pool of cash the cooperative 
that would have accumulated over the first 10 years of operation. Stated differently, this is 
the value of the cash the cooperative would have accumulated if no annual value added 
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payments were made to its members. In addition, the standard deviation of the net cash 
flows for each year is reported in Table 4.5. The standard deviation provides a measure of 
the spread or dispersion in the distribution of the net cash flows. A smaller value of the 
standard deviation suggests that a value close to the mean or expected value is likely. A 
higher value for the standard deviation implies a larger probability of realizing a net cash 
flow that is not close to the mean (Freund, 1992). Therefore, for distributions with identical 
expected values, there is more risk or uncertainty associated with the distribution with a 
higher standard deviation. 
Table 4.5. Discounted Net Cash Flows - Med. Production Level - 56% Equity Level 
Year Expected St. Dev. Min Max # Fai 
1 (5103,788) 285,191 ($816,021) $898,088 0 
2 (51,634) 293,664 ($744,821) 5864,237 0 
3 5101,062 291,181 ($664,839) $1,190,855 0 
4 5213,649 295,378 ($549,862) $1,155,848 0 
5 5237,911 275,671 ($452,971) $1,149,908 0 
6 5287.061 274,167 ($396,946) $1,217,667 0 
7 5312.058 262,781 ($364,755) $1,088,959 1 
8 5390,682 250,625 ($255,774) $1,197,630 0 
9 5397,862 246,480 ($264,971) $1,276,138 0 
10 5397,737 232,203 ($175,072) $1,148,829 0 
Total 52.231,100 1,014.152 ($2,116,526) $5,137,391 1 
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In Table 4.5 the "# Failed" column represents the number of iterations during the 
simulation that a cooperative would be forced out of operation for exceeding its line of credit. 
In the medium production level case and 56% equity level case there is only one iteration out 
of the 1,000 iterations performed where the cooperative would be forced out of operation. 
Table 4.5 shows that the cooperative's annual discounted net cash flows are not expected to 
be positive until the 3rd year of operation. This is due to the length of time it takes for the 
milk production of the cooperative to reach a level where the cooperative is able to generate a 
positive net cash flow. Investing in a large-scale dairy cooperative with relatively high 
capitalization needs to be viewed as a long-term investment. The cooperative is likeK to 
require several years to reach a steady state level of production and produce favorable returns 
to the members. The annual discounted net cash flows for the other production and equity 
level cases can be found in Appendix C-l. 
Value Added Payments 
From the annual discounted net cash flows of the dairy cooperative, the value added 
payments to the cooperative members are calculated. The value added payments are made 
from the net cash returns of the cooperative after all cash expenditures are paid. Before any 
value added payments are made to members, the line of credit taken out (for working capital) 
by the cooperative will be paid back. In other words, the "required" working capital will be 
replenished to the original $550,000 level. This ensures the cooperative is not making value 
added payments to members by borrowing against the equity invested in the cooperative and 
that it will maintain an adequate level of working capital. The total returns from the 
cooperative available to be distributed to the members in the form of value added payments 
are converted to a S/bushel payment by dividing the total value added payments by the 
161,000 bushel of com delivered to the cooperative by the members. 
Table 4.6 shows the discounted expected value added payments to members ($/bu.) 
along with the standard deviation for the value added payments. Also included in Table 4.6, 
is the discounted expected total com price received from the cooperative by members 
(delivery payment + quarterly payments + value added payment), the discounted expected 
market com price and the discounted expected premium that members receive from the 
cooperative over the market com price for the medium production level and 56% equity level 
case. Table 4.6 also reports the standard deviation for the all the discounted com prices 
reported. Appendix C-2 reports the information in Table 4.5 for the other production level 
and equity cases. 
The difference between the expected local market com price and the total com price 
received from the cooperative is the S/bu. premium that members receive by investing in the 
cooperative. Calculating the benefit from the cooperative as the com price premium 
accounts for the opportunity cost of joining the cooperative because the cooperative caps its 
quarterly and delivery price paid to the members at 53.00/bu. In the simulation, there are 
times when the market price drawn exceeds the S3.00/bu cap. In these cases, members 
receive a combined delivery price and quarterly payment price that is less than the market 
price of com. Members incur an opportunity cost by delivering the com to the cooperative 
since the delivery payment and quarterly payments from the cooperative will be less than the 
price members could have received if they had sold their com in the market. This occurs 
because members have committed to delivering their com to the cooperative. 
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As described above, by capping the combined delivery and quarterly payment price at 
$3/bu, members may receive a lower price from the cooperative compared to the local 
market price. However, the value added payment to the members will be higher than if the 
delivery payment and quarterly payment prices were not capped. To determine the returns 
from the cooperative, the difference between the total com price from the cooperative and the 
market price is calculated. Using just the value added payment from the cooperative, the 
opportunity to sell into a higher priced market will be ignored and the benefit from joining 
the cooperative will be overstated in draws where the market price exceeds $3/bu. Members 
will be receiving a higher value added payment but a lower com price from the cooperative. 
A portion of the value added payment paid by the cooperative includes the difference 
between the market price and the combined delivery and quarterly payments. 
As seen in Table 4.6, members can expect a discounted 10-year average premium of 
S1.39/bu. from com delivered to the cooperative over what they would have received selling 
their com into the local market. This is a substantial premium over delivering the com 
directly into the local market. Table 4.6 shows that the premium the members received from 
the cooperative is fairly low during the initial years of operation. This, once again, 
emphasizes the longer-term nature of this type of investment. 
In Table 4.6, all of the values are discounted. The discounting was applied after the 
nominal returns from the cooperative were calculated. In the simulation, the expected 
nominal market com price is S2.36/bu. in each year. The discounted market com price 
shown in Table 4.6 is used to show what portion of the discounted total com price from the 
cooperative is in excess of what members would have received on a discounted basis from 
delivering com at a local market. 
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Table 4.6. Discounted Expected Corn Payments from Cooperative - Medium 
Production Case - 56% Equity Level (Standard Deviation in Parentheses) 
Discounted Com Discounted 
Discounted Value Price from Market Com Discounted 
Year Added Payment Cooperative Price Premium 
1 50.45 (0.888) 52.76 (0.940) 52.36 (0.382) 50.40 (0.898) 
2 50.48 (0.962) 52.66 (0.940) 52.22 (0.366) 50.44 (0.966) 
3 50.64 (1.114) 52.69 (1.133) 52.10 (0.343) 50.60 (1.125) 
4 51.02 (1.408) 52.96 (1.428) 51.98 (0.324) 50.98 (1.416) 
5 51.22 (1.449) 53.05 (1.472) 51.87 (0.303) 51.18 (1.452) 
6 51.58 (1.596) 53.30 (1.597) 51.76 (0.288) 51.54 (1.606) 
7 51.78 (1-554) 53.41 (1.570) 51.66 (0.273) 51.74 (1.55S) 
8 52.27 (1-551) 53.80 (1.575) 51.57 (0.256) 52.23 (1.549) 
9 52.42 (1.517) 53.86 (1.532) 51.48 (0.232) 52.38 (1.516) 
10 52.44 (1.446) 53.81 (1.458) 51.39 (0.227) 52.41 (1.447) 
Average 51.43 (0.592) 53.23 (0.592) 51.84 (0.098) 51.39 (0.596) 
Return on Investment 
The returns in Table 4.6 provide the premium the cooperative members are expected 
to receive for com they deliver to the cooperative. However, members have to invest a 
substantial amount of equity to receive that premium. In the 56% equity level case, members 
need to contribute 524,365 per share in the cooperative, which entitles them to deliver 1,000 
bu. of com or an equivalent quantity of com silage to the cooperative. Therefore, the rate of 
return on the investment (ROI) made by the members is calculated from the premium the 
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members receive for their com delivered to the cooperative over what they would have 
received selling their com into the market. The ROI calculation allows members to compare 
the investment in the large-scale dairy cooperative with other potential investment 
opportunities. 
In order to calculate the annual ROI, the total annual premium that all of the 
cooperative members received in the form of a increased com price from the cooperative 
compared to the market com price for com delivered to the cooperative was divided by the 
required equity that members invested in the cooperative to earn it. The discounted annual 
ROI is calculated using a 6% discount rate. This occurs as a consequence of discounting the 
net cash flows as described earlier. Equation (8) specifies how the discounted annual ROI is 
calculated. 
ROI = ((TCP - MCP) *161,000 bu.) / Total Equity (8) 
Where 
TCP = the discounted total com price paid to the cooperative members, 
MCP = the discounted market com price for the year, 
161,000 bu = the number of bushels of com delivered to the cooperative by members. 
Total Equity = to the initial total equity contribution by members in the cooperative. 
The Total Equity is equal to 53.922,800 in the 56% equity level case, 53,211,640 in the 46% 
equity level case and 52,796,760 in the 40% equity level case. 
Table 4.7 reports average expected annual discounted ROI, the standard deviation for 
the discounted annual ROI, along with the minimum and maximum ROI for the 1,000 
iterations performed in the simulation. Table 4.7 also shows the 10-year average of the 
expected annual discounted ROI and the standard deviation of the 10-year average of the 
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annual discounted ROI. The results shown in Table 4.7 for the other production level and 
equity level cases can be found in Appendix C-3. 
The minimum retums shown in Table 4.7 are the result of the cooperative having a 
negative cash flow for the year. This implies no value added payments are made to the 
members. In addition, in some draws the members receive a lower com price from the 
cooperative than they would have from the local cash market, because the delivery and 
quarterly com payments are capped at $3/bu. As seen in Table 4.7 the expected returns on 
Table 4.7. Annual Discounted Rate of Return on Investment - Medium Production 
Case - 56% Equity 
Year 
Expected Rate of 
Return 
Standard 
Deviation Minimum Maximum 
1 1.65% 3.69% -2.52% 22.90% 
2 1.80% 3.96% -2.38% 21.76% 
3 2.44% 4.62% -2.24% 28.17% 
4 4.03% 5.81% -2.12% 29.10% 
5 4.86% 5.96% -2.00% 29.38% 
6 6.32% 6.59% -1.88% 31.04% 
7 7.16% 6.40% -1.78% 27.76% 
8 9.17% 6.36% -1.42% 30.53% 
9 9.79% 6.22% -1.12% 32.45% 
10 9.90% 5.94% -0.87% 29.29% 
Average 5.71% 2.44% -0.43% 13.09% 
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the investment made by the cooperative members are quite low for the first three years as the 
dairy operation is building up to a steady state level. 
The ROI shown in Table 4.7 does not include the equity losses from cooperatives that 
are forced out of operation because they have exceeded their line of credit limit. The equity 
lost is insignificant in the medium production and 56% equity level case shown in Table 4.7. 
Since, in this case only 1 iteration had a cooperative failure. The results for ROI reported in 
Table 4.7 represents the actual ROI from cooperatives that are in operation during each year 
reported. This is important to remember when looking at the results in Appendix C-3. Since 
in several equity levels and production levels combinations, there is a high probability the 
cooperative may not be in operation by the end of the 10 years. In those cases where the 
cooperative is forced out of operation, members stand to lose a large percentage of the equity 
they had invested in the cooperative when the cooperative's assets are liquidated. 
Figure 4.1 graphs the distribution of the 10-year average of discounted annual return 
on investment to the members for the medium production and 56% equity level case. The 
10-year average of the discounted annual ROI in this case take on approximately a normal 
shaped distribution with the center of the distribution at the mean of 5.7%. Appendix C-4 
shows the graphs of the distribution of the 10-year average of discounted annual ROI for the 
other 8 production and equity level combinations that were examined. 
Different Equity Levels 
In order to help determine the optimal initial level equity level cooperative members 
should invest in the cooperative, different equity levels were examined. As discussed earlier 
three equity levels (40%, 46% and 56%) were analyzed. The ultimate equity level the 
cooperative members decide to use when forming the cooperative will depend on the 
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Figure 4.1. 10-Year Average of Discounted Annual ROI - Medium Production - 56% Equity 
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collective risk preferences of the individual cooperative members forming the cooperative. 
The results in this section allow farmers planning to invest in a large-scale closed dairy 
cooperative with the risk reward trade offs for the different equity level contributions. 
Table 4.8 reports the expected discounted pool of cash the cooperative would have 
accumulated over the first 10 years of operation if no value added payments were made for 
the different production levels and equity levels. The standard deviation for the accumulated 
cash from the cooperative is also shown for the different cases. The importance of achieving 
a high level of production can be seen from the expected discounted accumulated cash. In 
the low production case only when 56% equity is invested in the cooperative does the 
cooperative even accumulate a positive level of cash after the first 10 years. When the high 
Table 4.8. 10-Year Discounted Accumulated Cash for Different Equity and 
Production Levels 
Expected 
10-Year Discounted Standard 
Case Accumulated Cash Deviation 
1,038,045 
1,059,040 
1,143,629 
1,014,152 
1,245,175 
1,378,618 
1,107,676 
1,202,994 
930,649 
High Production - 56% Equity 54,242,132 
High Production - 46% Equity 53,474,202 
High Production - 40% Equity 53,038,647 
Medium Production - 56% Equity 52,231,100 
Medium Production - 46% Equity 51,305,525 
Medium Production - 40% Equity 5645,124 
Low Production - 56% Equity 5892,948 
Low Production - 46% Equity (5160,976) 
Low Production - 40% Equity (5552,254) 
production level is achieved, under all equity levels, the expected discounted accumulated 
cash is over $3,000,000. In addition, the impact of the different equity levels can be seen for 
each of the production levels. Increased equity levels reduce debt costs incurred by the 
cooperative. This is true for both the initial debt cost and the added debt in the line of credit, 
which is drawn on more frequently in the low equity cases. Debt from both these sources 
adds initial expense and reduces the level accumulated cash. Absence of this debt results in 
higher levels of accumulated cash for the higher equity levels. The tradeoffs associated with 
the increased initial expense to the farmers when starting up the cooperative with a higher 
equity level will be examined later with the return on investment calculation for the different 
equity levels. 
Table 4.9 reports the average discounted com price premium that members can 
expect over the first 10 years along with the standard deviation of the com price premium. 
These results mirror the results from the discounted accumulated cash with higher equity 
levels and higher production levels leading to higher com price premiums from the 
cooperative. However it may be useful to some potential investors to examine the cash flows 
in terms of premiums on com prices. 
Table 4.10 shows the discounted expected annual ROI over the first 10 years of 
operation for the different equity and production levels. The standard deviation of the 10-
year average of the discounted annual ROI is also reported. By reporting the standard 
deviation of the 10-year average of the discounted annual ROI, the implicit assumption is 
that farmers looking to invest in the cooperative are concerned about the risk over a longer 
time horizon and not as concerned about the annual variability in their returns. 
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Table 4.9. 10-Year Average of Corn Price Premium from the Cooperative for Different 
Equity and Production Levels 
Case 
10-Year Average of 
Discounted Com 
Premium 
Standard 
Deviation 
High Production - 56% Equity $2.60 0.643 
High Production - 46% Equity $2.41 0.644 
High Production - 40% Equity $1.88 0.664 
Medium Production - 56% Equity $1.39 0.596 
Medium Production - 46% Equity $0.92 0.593 
Medium Production - 40% Equity $0.64 0.596 
Low Production - 56% Equity $0.68 0.520 
Low Production - 46% Equity $0.30 0.417 
Low Production - 40% Equity $0.14 0.330 
As seen in Table 4.10, the discounted expected ROI depends heavily on the 
production level. This emphasizes the extreme importance that must be placed on managing 
the dairy operation for a high production level. The retums from the low production case are 
such that forming a large-scale closed cooperative dairy makes little economic sense 
regardless of the initial investment in equity given the risk associated. 
For the medium production level cases, the discounted expected rate of return on 
investment for the cooperative members is such that investing in a large-scale closed dairy 
cooperative is still worth considering. An interesting result in the medium production cases 
is that increasing the initial equity level increases the discounted expected retums and lowers 
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Table 4.10. 10-Year Average of Discounted Annual ROI for Different Equity and 
Production Levels 
Case 
10-Year Average of 
Discounted Expected 
Annual ROI 
Standard Deviation of 
10-year average 
annual ROI 
High Production - 56% Equity 10.69% 2.64% 
High Production - 46% Equity 10.72% 3.23% 
High Production - 40% Equity 10.85% 3.82% 
Medium Production - 56% Equity 5.71% 2.44% 
Medium Production - 46% Equity 4.62% 2.97% 
Medium Production - 40% Equity 3.66% 3.43"» 
Low Production - 56% Equity 2.78% 2.14",, 
Low Production - 46% Equity 1.48% C 
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Low Production - 40% Equity 0.80% 1.90",,  
the standard deviation of the returns. Stochastic Dominance Efficiency Criteria were applied 
to determine if a preferred equity level for forming the cooperative could be found. The First 
Order Stochastic Dominance criteria could not determine an optimal ranking of the equity 
contribution levels. The Second Order Dominance could rank the initial equity levels. The 
56% equity level case dominated the 46% equity level case, which dominated the 40% equity 
level case. The same ranking of beginning equity levels was obtained when a Mean-
Variance Efficiency Criteria was applied. 
For the high production level cases, the three efficiency criteria (First Order 
Stochastic Dominance, Second Order Stochastic Dominance and Mean-Variance) could not 
classify any of the three starting equity levels as an inefficient choice. In the high production 
level cases, increasing the level of starting equity, decreased the expected ROI and reduced 
the standard deviation of the returns. Therefore, there is a classic risk reward trade-off that 
can only be answered by the individual based on their risk preference. While the three 
efficiency criteria could not distinguish among the three equity levels, it does appear that the 
increase in expected annual ROI of 0.16% when going from 56% equity to 40% equity is 
associated with a considerable amount of risk. The increase in standard deviation is 1.1S" o. 
This is a considerable increase in variation for the increase in expected ROI. However, the 
ultimate decision under the high production case would be up the individuals and their 
collective risk tolerances. In practice, it may come down to a question of whether or not the 
additional equity can be raised. 
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CHAPTERS. SURVIVAL MODEL 
Background 
In order to assess the impact of economic and biological variables on the expected 
probability that the cooperative will fail, a logistic probability model was estimated. By 
assessing the impact of variables on the probability of failure, farmers who are considering 
forming a closed dairy cooperative have another key piece of data to assess the risk of the 
operation they plan to form. The results of this estimation will also provide farmers 
considering a closed dairy cooperative with critical levels for several variables important to 
the cooperative's success. The use of these variables permits a group to match their risk 
tolerances to the risk of failure with more precision. 
It is very difficult to obtain actual financial and biological data on a significant 
number of failed dairy operations under any form of organization. Therefore, the estimates 
for the closed dairy cooperative derived from the simulated data can be very useful in 
assessing the probability of failure for a large-scale dairy operation. Moreover, the risks are 
likely to be applicable for firms other than cooperatives. The variables examined would 
provide useful information for a dairy organized under any business structure. The key to 
survival for any business structure is the ability of the dairy operation to meet its cash 
obligations while meeting the solvency criteria imposed by lenders. The solvency 
restrictions used in this model (an 80% debt-to-asset restriction) would be a reasonable 
solvency restriction for any dairy operation business structure. 
Caution must be used when applying the results for the corn price variable to large-
scale dairy operations with different business structures. In the cooperative model used here 
the com payment to members was capped at S3/bu. This could distort the effect high com 
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prices might have on the probability of failure when the large-scale dairy operation is 
actually exposed to com prices above $3/bu. In order to make the com price results 
applicable to other business structures, dairy operators would need to purchase some type of 
financial hedge to protect themselves from com price spikes above the $3.00/bushel level. In 
many cases an option could be purchased at a reasonable price. 
The data generated from the medium production level simulations were used to 
estimate the parameters of the logit model. The data set consisted of 3,000 observations. 
There are 1,000 observations for each starting equity level (40% equity, 46% equity and 56" » 
equity). When the cooperative exceeded its predetermined line of credit as described in 
Chapter 4, the cooperative was counted as a failed cooperative. The dependent variable in 
each case was assigned a "0" if the cooperative survived for the first five years and "1" if it 
failed during the first 5 years. Of the 3,000 observations, a total of 277 failed cooperatives 
are observed in the data set during the first 5 years of operation. 
Logit Function 
This section provides an overview of the derivation of the logit model and follows the 
work of McConnon (1989). Greene (1993) provides a similar description of the logit model 
as well as a complete set of references for the derivation of the logit model. 
Consider a set of N independent, binary random events 
YI, Y2,..., Yn where, 
Y, = I if the ith event occurs, and 
Y, = 0 if the ith event does not occur 
Define, 
Pi = Prob(Y, = 1 ) (9) 
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1 - Pi = Prob(Yi = 0) (10) 
Assume the value of Pj for the ilh event is related to a vector of explanatory variables 
Xi = [X,i.X2i Xqi] (11) 
For the ith event we observe 
(Yj, Xii, X2 i , . .  X q i )  where i = 1,2 N (12) 
Suppose the conditional probabiUty that the event occurs under conditions specified by (Xu, 
Xzi,..Xqi) can be expressed as 
Pi = F(P'Xi) (13) 
Where 
P, = the true conditional probability that the event will occur 
F = a cumulative distribution function 
B = q x 1 vector of fixed parameters 
X, = q x 1 vector of explanatory variables 
Now consider the logistic cumulative distribution function 
Setting U = p'X, 
P, = F(J}-X, ) = eXP<^y>, = [l + exp(-/rjf,)]" (15) 
l + exp(/9%,) 
and 
1 - P, = 1 - F(/3'X, ) = , = tl + exp^'X,)]-' (16) 
I + exp (~pxé ) 
Estimate 
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Pt =[l + exp(-yg%,)]-1 (17) 
To estimate the marginal effect of Xjq on P, the derivative of Pj with respect to Xjq is 
calculated to be 
ôPi exp(/?%", ) 
. * P, (18) 
dXiq [l+exp(/?'Jr,)]2 
As seen in equation 5.10 the marginal effect of Xjq on Pj is not constant but varies depending 
on the value of X*. 
Model Estimated 
The following model was estimated to determine the impact of several variables on 
the probability that the large-scale dairy cooperative failed during the first 5 years of 
operation. 
P, = [l + exp(-/3'Xi )]"' (19) 
where: 
P, = the conditional probability that large-scale closed dairy cooperative i will fail 
exp((3'X,) = the constant e (e =2.718) raised to the power (3'X, 
P'X, =/?0 + /?, SEQU + 0MPRO + P,CULL + P,MILK + PsCORN 
ft = coefficients to be estimated 
SEQU = starting equity level as percentage of initial total assets of the cooperative 
MPRO = average annual milk production per cow in lbs of milk 
CULL = average annual culling rate for the herd (including death losses) 
MILK = average annual milk price 
CORN = average annual market com price 
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The average values for the independent variables defined above are the average value 
over the years that the cooperative was in operation. For example in a cooperative that 
survived the first 5 years, the average was taken over the first 5 years. For a cooperative that 
failed in year 3, the average was taken over the first two years. The reason year 3 was not 
included in the average is that most of the failures occurred on the first month of the fiscal 
year (September) when the com delivery payment at the Posted County Price was due. 
Therefore, the observed independent variables in the year that the cooperative failed have 
little impact on the probability of failure. 
The parameters for the logit model in Equation (19) were estimated using TSP4.4. 
TSP4.4 utilizes Newton's method to maximize the log likelihood function with respect to the 
parameter vector /3. The estimated coefficients of the logit model can be interpreted in the 
same manner they would be interpreted in a multiple linear regression equation, where the 
dependent variable is ln[P,/ (1- P,)] and where P, is the conditional probability of failure 
defined in Equation (19). Therefore, the coefficient of an independent variable of the logit 
model can be interpreted as the change in the logarithm of the odds ratio associated with a 
one unit change in the independent variable, ceteris paribus. In order to assess the impact of 
a change in the value of an independent variable, ceteris paribus, on the conditional 
probability of failure. Equation (18) must be employed. 
Results 
The results from estimating the large-scale closed dairy cooperative failure model 
using the logit regression model are presented in Table 5.1. The estimated coefficients are 
expressed in terms of the outcome of insolvency or failure. Each coefficient estimates the 
marginal effect on the conditional probability that the large-scale closed dairy cooperative 
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will become insolvent during the first 5 years of operation relative to the effect on the 
probability that the large scale closed dairy cooperative will not become insolvent during the 
first 5 years of operation. The asymptotic standard errors and associated t-statistics are also 
reported in Table 5.1. 
Overall the logit model estimated had a significant level of explanatory power. The 
likelihood ratio statistic, which can be used to test the hypothesis that all jS's are equal to zero 
(except the /30 for the constant term), was significant at the 0.01 level. Thus the hypothesis 
that all of the /3's are equal to zero is rejected. Collectively, the independent variables 
specified in the model have a significant level of explanatory power for the variation in the 
observed variation in the log odds ratio. 
All of the estimated coefficients in the model individually were statistically 
significant at the 0.01 level as determined by the t-statistic. The estimated coefficients 
Table 5.1. Parameter Estimates from Logit Failure Model 
Independent 
Variable 
Estimated 
Coefficient 
Estimated 
Standard Error 
Estimated 
t-statistic 
Constant 115.199 9.0812 12.685** 
SEQU -51.610 5.597 -9.221** 
MPRO -0.291E-02 0.230E-03 -12.643** 
CULL 29.929 5.996 4.992** 
MILK -3.584 0.371 -9.668** 
CORN 2.307 0.755 3.055** 
** Significant at the 0.01 level 
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had the expected sign. The estimated coefficients for starting equity level, milk production, 
and milk price had the expected negative signs, which implies higher values for these 
variables decreased the probability of the large scale closed dairy cooperative failing. The 
estimated coefficients for the culling rate and com price had the expected positive sign, 
which implies higher values for these variables increased the probability of the large scale 
closed dairy cooperative failing. 
In order to assess the impact of a change in one of the independent variables on the 
conditional probability of failure, ceteris paribus, equation 5.10 was used. As discussed 
earlier, the marginal effect of the independent variables in the logit model is not constant and 
must be calculated at selected levels of the other independent variables. The marginal effect 
of each independent variable on the conditional probability of failure is shown in Table 5.2. 
In Table 5.2 the marginal effect of each of the independent variables of the logit 
model is calculated at the overall means for each of the other independent variables. The 
marginal effect can be interpreted as the change in the conditional probability of failure 
associated with a one unit change in the independent variable away from its mean while 
holding the remaining independent variables constant at their mean values. 
The marginal effect of SEQU is estimated to be -0.0448. This implies that an 
increase (decrease) in SEQU of .01 from its mean value is associated with a decrease 
(increase) in the conditional probability of the closed dairy cooperative failing by 0.000448. 
The marginal effect of MPRO was estimated to be -0.00000253. This implies that an 
increase (decrease) in MPRO of 1,000 lbs from its mean value is associated with a decrease 
(increase) in the conditional probability of the closed dairy cooperative failing by 0.00253. 
The marginal effect of CULL was estimated to be 0.0260. This implies that an increase 
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Table 5.2. Marginal effect of each independent variable on the conditional probability 
of failure evaluated at the mean of all independent variables 
Independent 
Variable 
Estimated 
Coefficient 
Overall 
Sample 
Mean 
Marginal 
Effect 
Constant 115.199** 
SEQU -51.610** 0.473 -0.0448 
MPRO -0.291E-02** 22495.672 -0.253 E-05 
CULL 29.929** 0.356 0.0260 
MILK -3.584** 13.495 -0.00311 
CORN 2.307** 2.357 0.00200 
** Significant at 0.01 level. 
(decrease) in CULL of .01 from its mean value is associated with an increase (decrease) in 
the conditional probability of the closed dairy cooperative failing by 0.000260. The marginal 
effect of MILK was estimated to be -0.00311. This implies that an increase (decrease) in 
MILK of Sl/cwt. from its mean value is associated with a decrease (increase) in the 
conditional probability of the closed dairy cooperative failing by 0.00311. The marginal 
effect of CORN was estimated to be 0.00200. This implies that an increase (decrease) in 
CORN of Sl/bu from its mean value is associated with an increase (decrease) in the 
conditional probability of the closed dairy cooperative failing by 0.00200. 
When evaluated at the mean of all the independent variables, each individual 
independent variable has a fairly small marginal impact on the probability of failure. One 
way to interpret these results is at the average values for all of the independent variables, the 
probability of failure is not impacted to a large degree by a marginal change in any one of the 
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independent variables. Stated differently, if the cooperative has average performance for the 
independent variables, the large-scale closed dairy cooperative is quite insulated from the 
possibility of failure. 
The marginal effects of the individual independent variables can be calculated for any 
level for an independent variable not just the mean. It is useful to calculate the marginal 
effects on the conditional probability of failure for each of the independent variables as a 
means to evaluate decisions or performance will affect probability of failure. For example, 
this technique can be used to evaluate a hypothesized leverage decision such as SEQU set 
equal to 0.40 (starting equity = 40%). SEQU is a choice variable that is determined when the 
large-scale closed dairy cooperative is formed. In forming a value-added business, or any 
business for that matter, investors typically try to invest as little equity as feasible. Table 5.3 
shows the marginal effects on the conditional probability of failure evaluated at SEQU set to 
0.40 with all the values of the other independent variables fixed at their means. 
The following describes the marginal effect of the independent variables on the 
conditional probability that the large-scale dairy cooperative fails evaluated at SEQU equal to 
0.4 and the other independent variables equal to their respective means. The marginal effect 
of SEQU is estimated to be -1.832. This implies that an increase (decrease) in SEQU of .01 
from its mean value is associated with a decrease (increase) in the conditional probability of 
the closed dairy cooperative failing by 0.01832. The marginal effect of MPRO was 
estimated to be -0.000103. This implies that an increase (decrease) in MPRO of 1,000 lbs 
from its mean value is associated with a decrease (increase) in the conditional probability of 
the closed dairy cooperative failing by 0.103. The marginal effect of CULL was estimated to 
be 1.0624. This implies that an increase (decrease) in CULL of .01 from its mean value is 
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Table 5.3. Marginal effect of each independent variable on the conditional probability 
of failure evaluated at SEQU equal to 0.4 
Level Used to 
Independent Estimated Calculate Marginal 
Variable Coefficient Marginal Effect Effect 
Constant 115.199** 
SEQU -51.610** 0.400 -1.832 
MPRO -0.291E-02** 22495.672 -0.103E-03 
CULL 29.929** 0.356 1.062 
MILK -3.584** 13.495 -0.127 
CORN 2.307** 2.357 0.0819 
** Significant at 0.01 level. 
associated with an increase (decrease) in the conditional probability of the closed dairy 
cooperative failing by 0.010624. The marginal effect of MILK was estimated to be -0.1272. 
This implies that an increase (decrease) in MILK of Sl/cwt. from its mean value is associated 
with a decrease (increase) in the conditional probability of the closed dairy cooperative 
failing by 0.1272. The marginal effect of CORN was estimated to be 0.0819. This implies 
that an increase (decrease) in CORN of Sl/bu. from its mean value is associated with an 
increase (decrease) in the conditional probability of the closed dairy cooperative failing by 
0.0819. 
Evaluated at SEQU equal to 0.4 (starting equity = 40%). the marginal effects of the 
independent variables on the conditional probability that the large-scale dairy cooperative 
fails are considerable higher than when SEQU is evaluated at its mean which is equal to 0.47. 
This implies that when the cooperative is started up with the lower level of equity the 
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probability of failure is much more sensitive to marginal changes in the value of the other 
independent variables around their mean values. Starting the cooperative with a lower level 
of equity therefore puts the cooperative at a higher risk of failing in the event there is an 
adverse move (away from the mean) for any of the other independent variables examined. 
Information provided by the marginal effects reported above is useful but logit can 
provide additional useful information. The results from the logit estimation can be used to as 
a predictive model to for the probability of failure by those considering investing in a large-
scale closed dairy cooperative, or any other large-scale dairy operation with a different 
business structure. By replacing /3 in Equation (19) with the estimated /?, shown in Table 
5.1, the resulting equation can be used as predictive equation to obtain the probability of 
failure for any large-scale dairy operation based on the specific values for the independent 
variables that the operation is facing. Equation (20) shows the resulting predictive equation. 
where: 
P, = the conditional probability that large-scale closed dairy cooperative i will fail 
exp( P' Xj) = the constant e (e =2.718) raised to the power P' X, 
P'Xt = 115.199 - 51.610*SEQU - 0.0029l*MPRO + 29.929*CULL - 3.5S4*MILK 
+ 2.307*CORN 
Using Equation (20), Figures 5.1 - 5.4 were created to graph the impact on the 
conditional probability of failure over a range of each independent variable, holding the other 
independent variables held constant at their means. In addition a graph is shown for the 
Predictive Equation 
(20) 
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conditional probability of failure for a range of each independent variable with all other 
variables at their mean and SEQU = 0.4 (starting equity = 40%). This allows potential 
investors to evaluate the impact of starting the operation with a low level of equity more 
precisely. It shows the impact on the probability of failure for each of the other independent 
variables when SEQU = 0.4 and SEQU equal to its mean (0.47). In all cases, the values for 
each of the other independent variables will need to take on a more favorable outcome when 
a lower equity level is used to allow the cooperative to remain a the same probability of 
failure as when the starting equity level is at its mean. While this is not a surprising result, 
the graphs quantify the outcome for each of the independent variables necessary to achieve 
the same probability of failure under both starting equity levels. 
Figure 5.1 shows the graph of the conditional probability of failure for varying levels 
of annual milk production per cow evaluated with the other variables held constant at their 
means. Figure 5.1 also shows the graph of the conditional probability of failure for varying 
levels of annual milk production per cow evaluated with the other variables held constant at 
their means and SEQU established at 40%. The means of the independent variables can be 
found in Table 5.2. Figure 5.1 shows that with all other independent variables evaluated at 
their mean levels the probability of failure approaches 0 when annual milk production 
exceeds 22,000 lbs of milk per cow. Annual milk production per cow must exceed 23,500 
lbs when the starting equity is equal to 40% to reduce the probability of failure to a level that 
approaches 0. If the large-scale dairy cooperative is going to start with a low level of equity, 
annual milk production per cow will have to be approximately 1,500 lbs higher to achieve the 
same predicted probability of failure for the operation as one that started with 47% equity, 
assuming all of the other variables are at their mean levels. 
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Figure 5.1. Projected Probability of Failure with Varying Levels of Milk Production per Cow 
All Other Variables at Their Means (SEQU = 0.4) 
Figure 5.2 shows the graph of the conditional probability of failure for varying levels 
of annual culling rate evaluated at the means of the other variables. In addition, Figure 5.2 
shows a graph of the conditional probability of failure for varying levels of annual culling 
rate evaluated the means of the other variables and at SEQU = 0.4 (40% starting equity). The 
conditional probability of failure for different levels of culling rate is very sensitive to the 
initial level of starting equity. Using a 10% probability of failure as a reference point and 
setting starting equity equal to its mean value (47%), the annual culling rate can be as high as 
52% without exceeding the predicted probability of failure level of 10%. When starting 
equity is reduced to 40%, the culling rate must be below 39% to have the predicted 
probability of failure standard of less than 10%. The increased starting equity provides a 
significant level of protection for the operation from a failure caused by higher culling rates 
if it is assumed that all of the other values are fixed at their mean levels. Operations 
expecting to have a high culling rate (> 40%) and a low level of starting equity (40%) will 
need to achieve a higher than average level of milk production (or face a market with higher 
than average milk price, or lower than average com price) otherwise they will face a high 
probability of failure. 
Figure 5.3 shows the graph of the conditional probability of failure for varying levels 
of milk price with the other variables evaluated at their means. A graph of the conditional 
probability of failure for varying levels of milk price with the other variables evaluated at 
their means and starting equity set to 40%, is also shown in Figure 5.3. The predicted 
probability of failure approaches 0 for a milk price of S13.10/cwt with all other variables 
evaluated at their mean. If the starting equity is reduced to 40% a milk price of S14.10/cwt is 
needed before the probability of failure approaches 0 (with the other variables 
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Figure 5.2. Projected Probability of Failure with Varying Levels of Culling Rate 
All Other Variables at Their Means (SEQU = 0.4) 
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held constant at their mean levels). The increased equity clearly provides protection against 
lower than average milk prices. The average milk price was $13.50/cwt. Therefore, starting 
with a 40% equity level the operation requires a higher than average milk price before the 
probability will approach 0, unless the other variables perform at better than their mean 
levels. 
Figure 5.4 shows the graph of the conditional probability of failure for varying levels 
of corn price with all other variables evaluated at the means of the other variables. Figure 5.4 
also shows the graph of the conditional probability of failure for varying levels of com price 
with the other variables evaluated at their means and starting equity set to 40%. While the 
other independent variables discussed above apply regardless of business structure used by 
the dairy operation, com price is somewhat different. The cooperative structure cappcd the 
com payments to members at S3.00/bu to protect the balance sheet and assure lenders that 
equity would not be withdrawn through high com prices. It should be noted that any 
operation could hedge its com prices to achieve the same effect, however, the associated cost 
of hedging would not be accounted for in this analysis. Figure 5.4 shows that at S3.00 hu. 
the large-scale dairy cooperative faces approximately a 0 probability of failure when all of 
the other variables are at their means. When the starting equity is reduced to 40%, the 
predicted probability of failure increases to 15% at the S3.00/bu com price. 
There are three graphs shown in Figure 5.5. The middle graph is the predicted 
probability of failure for the large-scale dairy cooperative for varying levels of starting equity 
with the other independent variables fixed at their means. The graph on the far left shows the 
predicted probability of failure for the large-scale dairy cooperative for varying levels of 
starting equity with the other variables fixed at a value that is one standard deviation away 
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Figure 5.3. Projected Probability of Failure with Varying Levels of Milk Price (S/cwt) 
All Other Variables at Their Means (SEQU = 0.4) 
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Figure 5.5. Projected Probability of Failure with Varying Levels of Starting Equity 
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from their mean such that the movement from the mean provides a favorable outcome for the 
cooperative. For example, milk production is set one standard deviation above its mean and 
culling rate is set one standard deviation below its mean. The graph on the far right shows 
the probability of failure for the large-scale dairy cooperative for varying levels of starting 
equity with the other variables fixed at a value that is one standard deviation away from their 
mean such that the movement from the mean provides an unfavorable outcome for the 
cooperative. The three graphs provide a means to evaluate the impact of starting equity on 
the predicted probability of failure. When all other variables are at their means, even with a 
low starting equity of 40% there is less than a 5% probability of failure. When an 
unfavorable outcome for all the other variables that is equal to a one standard deviation 
movement from their means is realized, the probability of failure for the large-scale dairy 
cooperative increases to 90% with a starting equity of 40%. 
This illustrates the extreme risk associated with starting up a large-scale dairy 
cooperative with low levels of equity, if production performance should fall below the 
medium production path used in this analysis. As long as the other variables take a value that 
is equal to a one standard deviation unfavorable movement from their mean, a 49% starting 
equity level is required to reduce the predicted probability of failure to a level below 10%. 
When all of the independent variables take on a value that is equal to a one standard 
deviation favorable movement from their mean, the probability of failure falls to 
approximately 0 for any level of starting equity that would reasonably be allowed by lenders. 
Figure 5.5 also strengthens the case for performing a full simulation analysis, as was 
performed in this paper, when evaluating potential value added ventures rather than using the 
simple budgeting approaches typically undertaken. As seen in Figure 5.5, with all 
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independent variables at their mean, as would be the case in a simple budgeting approach, a 
40% starting equity level shows less than a 5% probability of failure. In a simple budgeting 
approach a 40% starting equity level may very well appear to be a reasonable starting equity 
level to use when forming a large-scale closed dairy cooperative. As reported in Chapter 4, a 
40% starting equity level and medium production level had a 23% chance of failure during 
the first 5 years. By undertaking a full simulation analysis a much better representation of 
the risk associated with starting a large-scale closed dairy cooperative can be obtained. 
Equation (20) developed in this section can be used by managers of large-scale dairy 
operations as a decision making tool. While Equation (20) does not provide the impact on 
profit for evaluating management decisions, the change in predicted probability for different 
decisions can be determined from Equation (20). This may be very useful for many 
management decisions. For example, the decision to hedge com or milk prices could be 
examined using the predicted probability of failure equation to determine the impact the 
hedging decision would have on the predicted probability of failure. Equation (20) provides 
a way to quantify the benefit of a hedging decision in terms of avoiding catastrophic losses. 
Conclusions 
The main objective of this research was to answer the question, does investing in a 
large-scale closed dairy cooperative in the upper Midwest make economic sense? Three key 
pieces of information are provided by this research to answer this question. First, the returns 
from forming a large-scale closed dairy cooperative are reported in Chapter 4. The returns 
calculated in this research indicate that a large-scale closed dairy cooperative may provide 
reasonable returns provided that a low production growth path can be avoided. 
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Second the risk associated with the returns is provided in two ways. The standard 
deviation of the returns is reported along with the expected returns for all of the cases. In 
addition, a graph of the distributions is provided for all the cases. This allows those 
interested in forming a large-scale closed dairy cooperative to compare the projected risks 
calculated in this research with their own willingness to undertake an investment with the 
distribution of returns shown. 
A final piece of information provided by this research is to quantify the probability of 
catastrophic failure of the cooperative. In the case where the cooperative failures those who 
invested in the cooperative will likely lose a majority of their initial investment in the 
cooperative. The probability of failure for different time periods was reported in Chapter 4. 
The results show that in order to face a reasonable probability of failure the cooperative must 
achieve a high production level or invest a high level of starting equity. In addition. Chapter 
5 provides additional information about the probability of failure. Investors can use the 
figures and predictive equation reported in Chapter 5, to determine the predicted probability 
of failure associated with any combination of key independent variables that they are 
concerned about. 
Having the three types of information described above permits potential investors to 
have considerably more information than has typically been available when evaluating value 
added ventures. The three types of information should be used together in evaluation a 
project of this type. Only looking at the reported returns in Chapter 4 is somewhat 
misleading because the impact of catastrophic failures, which lead to large losses to the 
investors, is not capture in the reported returns. Looking only at the predicted probability of 
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failures only provides information about the survival of the operation and not the returns that 
investors expect. 
All of the information provided indicates that a large-scale closed dairy cooperative 
would be feasible in the upper Midwest. The closed dairy cooperative would have to be 
viewed as a long-term investment as the expected returns are low for the first several years of 
operation while startup issues and the biological production nature of dairy production are 
expected to depress returns. Once the operation reaches a steady state level of production a 
large-scale closed dairy cooperative provides adequate returns that merit consideration as an 
investment for farmers looking to add value to their crop enterprises. 
In addition to evaluating a large-scale closed dairy cooperative, this research has 
provided an improved methodology for evaluating other types of value added activities. The 
methodology used in this research can be summarized as: 1 ) modeling the production process 
2) using a simulation to develop a reasonable range of outcomes and summarizing the results 
and 3) isolating the impacts of key independent variables on the probability of failure. This 
methodology represents a more comprehensive approach to evaluating value added activities 
than previously used. Such an approach provides both potential investors and managers of 
the operations additional information to evaluate their investments and managerial decisions. 
Future Considerations 
While progress was made in determining the expected returns for starting up a large 
scale closed dairy cooperative, the results imply additional questions for future research. 
More research is needed to investigate the impact of different levels of equity contributions 
in the cooperative under the price and biological uncertainties investigated in this paper. 
One approach to investigating the impact of different equity levels would be to look at the 
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returns from the dairy operation, not the returns provided to the members. In this way 
finance theory described in Chapter 2 could be more directly applied to the return on assets 
and returns on equity of the dairy operation. 
The farm level financial model developed for this research that incorporates a model 
of the cow flows through the dairy operation has the potential to be useful as an Extension 
tool in helping farmers look at expanding or staring large-scale dairy operations. Some 
additional work may be required on the model to make the interface more user friendly, 
however there appears to be a number of potential applications for the model developed. In 
addition to using the financial model as a tool for evaluating potential dairy operations, the 
model may be useful in working with lenders to secure debt for a new or expansion dairy 
operation. Because the financial model is developed as a true monthly model, variations in 
cash flow can be examined before the operation has started. This allows both the lender and 
members to have a better understanding of the projected cash flows. Understanding the 
impact of the biological nature of dairy production on cash flows can help avoid situations 
where normal operation conditions are confused with poor management or financial 
performance. 
As large-scale dairy operations continue to increase throughout the Midwest, the 
opportunity to fine tune the assumptions used in this research may be possible. This research 
relied on at most three years of production data by large producers. In addition the some of 
the herds used were considerably smaller than proposed in this research. By tracking the 
production of only large-scale dairy operations for a longer period of time, the accuracy of 
the results may possibly be improved. 
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Name of Operation: 
Type of Operation: 
Dairy Model - Cash Flow Modeling 
1200 Commercial Dairy Cow Unit 
No Rsistd Rtoiaciawits Commerr/a/ Production 
Startup Month (Jan * t. Fee * 2. etc) 
Start-up Year (four drçpts 1999.2000. etc.) 
Cow Numbers 
Oes^ned Capacity 
Number Females Puroiased 
Cost of Females FOB Farm 
Delivery Schedule (%0y Month) 
Septemoer Oecemoer 
25% 
January Fepruary 
Machinery and Equipment 
Vendee 
Cattle Handling Equipment 
Mac Milking Equipment 
TMR Miner 
Other Equipment 
Facilities 
Building Site Preparation 
Roads and Driveways 
Manure Management System 
Water Supply System 
EJectnc Unes/Generator 
LP Tanks 
Managers Home and Alarm 
Other (overwrite trus) 
Other (overwnte this) 
Land Purchased Acres 
Purchase Pnce per Acre 
Wo. Spaces Cos?/ Space foiâ/ COST 
Free Stall Bam 1020 $ t .200 00 S 1,224.000 
Caivmg/Speoai Needs Bam 1 360.000 00 360.000 
Milking Center (Parlor. Office, etc. ) 1 492.000 00 492.000 
Milking Equipment and Bulk Tank 1 492.000 00 492.000 
Dry Co* Bam TB0 1.200 00 211.000 
Bunker Silo 139.000 00 131.000 
Other Feed Facility and Storage 90.000 00 90.000 
isolation and Biosecunty Facility 0 
Mise Eqwtxnent and Hardware t 100.000 00 100.000 
Other 
Other (overvwnte this) . 
Other (overvwnte this) 
-
Construction Schedule Month t Month 2 Month 3 Month 4 Month 5 Month 6 
Percent per Mown! 25% I 25% I 25% I 25% I OS I O's 
Dollars «WMoiMfl I 9M.400 S t*4,400 t (M.400 S MM00 S • I 
Equity Contribution Tout Fêdlity and Land Cost 
Long-Term Equity ContnDuOon <% of Total) 
OoV/ars of L'T Facility equity Contribution 
Tout Machinery and Equipment Costs 
intermeoate Term E*wty Contnouoon (% of Total) 
Oo//ars of Machinery and Equiq. Contribution 
Tout Cow Herd Cost 
intermediate Term Equity Contribution (% of Total) Oollsn of Cow Herd Eqwfy Conuifiut/on 
Operating Capita/ 
Operating Capital Equity Conmouoon 
82.000 
518.000 
8.400 
50.000 
7.200 
80 
|" 35 0% I 
$ f,jf2.teo 
$ 315.800 
1 800% I 1 252. MO 
1 2.160.000 
1 80 0% 1 S 1.728.000 
s 550.000 
S 3.922.800 
$ 7.003.400 
56 0% 
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Loan Data 
Long-Term merest Rat tT Micfm and 6qwpwm Ras iTBmedmgSiocàiiwrHiR* Lmt of Cied* Inwesl Raw General iiABon Rut infltton RaM for Laûor Exptnat 
Loan Term i Yearn 9.75% 20 000% 5 850% 7 11 00% 125% 2-50% 
LOG Comnutment 
Price Data L#m# T*m Phtm 
SfteiCom $ 132.16 9 OL 079 88% ComGMen Feed 120.00 9 0L007 90% ComSiiaot 23-67 9 a m 40% Sovetan Meal. 40% 109.90 9 aies 90% 
wnote Coaon Seed 207 00 9 atfj 92% i 
!
 
!
 
I 71 23 9 AM 90% SovPtus 24a 00 9 afjs 89% Cam«n Cartionate 149 00 9 01079 100% F* 60000 9 OJOO 98% Sodium BicarDmaxe 380 00 9 a roo 100% Sat 128 00 9 aw 100% 400.00 9 0.200 100% 
Oaev Micro Piemis 2.000.00 9 f.060 100% 
Ocaieum Phoeonaie 18 S 346.00 9 0.173 100% Maoneswm Oaide 318.00 9 0.199 100% Orv Cow Suereme Px 1460 00 9 a m 92% Sovfiean nulls 120 00 9 a 097 90% Maonesum Sut 520 00 9 0.990 100% 
9 100% 
9 100% 
MdhPnet/ewt 
Ca#Sa*#Pnc#A#a@ Cue Cow Sale Pnct/cwt Bue Catr Sait Poc^Hd 
1 13 51 S 1351 1 $ 13 51 90 00 90 00 | 90 00 41 89 41 89 1 41 89 90 00 90 00 1 90 00 
Ration Analysis Compute Ory Matltf Bam# lor Eacn Diet - Raoonm compumd tor mature cow# *e*t*ng I 350Ws #m averaot mwn producaon- DMt^* tw • Transmn Earty Laoaten Law Lactation Ory RATION INGREDIENT Oav WO 0>v 41-199 Pay MO* Cow* 
SftetfCom Com G/mer» Feed 
Com Silaça Soytoert Me*. 40K Who/# Cotton Seed 
Mêtf» May. Earty 0 loom 
SoyPtu* 
Calcium Cwttonafe 
Fat 
Sodium Bicar&natm 
Salt 
Una 
Oauy aUcio PrwrUm 
Otcatctvm Pbeap/we 1*5 Magnewvm Ovfde Ory Cow Supreme PX Soybean Hu«a Magnesium Suif. 0 0 2 83 3 39 Z66 109 
ow 4s.es si.i2 «r.ei I7J0 COST/LA Of OMI I 9.MS 1 0.066 t 0.097 I IMO 
rier  t  c  iet •  w  l  t *ete at o1*40 Oa O v 200
lût. mm. es. &%. 1 76 688 440 4 50 630 6 30 22 40 21 92 2296 21 90 450 405 454 156 2 76 368 1 84 360 360 360 360 258 248 070 0 78 061 005 036 0 46 035 035 0 18 020 0 19 004 0 15 020 0 20 0 11 010 009 0 10 
0 12 094 1 62 009 0 10 
Transition Earty LaetaBon La* Lactation Transition Earty Laaaten ute Lactation Body Weiht (es. /cowl istLaOation ie Lactation in Lactation Mature Cow* Mature Cow* Mature Co** D*y Gamy Aweragt Weigflt dunng stage 990 1 100 I 1 210 1 1215 I 1 350 i 1 416 i • :•* Day* «" Mi* CyOe 1-40 4VÎ99I 200-345 1 1-401 41 199 1 200-345 i MMOt 
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Start-up Herd Information % of Herd Purtfwd as He<«rs % o< Mem Purtitwd ham Eieeng Herd 
Production Data Input herd Size thud) 
CaMMoriaMy 
MomuiUtt Months Dry Total Honths in Cy&m 
OMfyjherege MUJr Production Owing Lactatfon Average 
r«« Lactaoon. Tnraun 
Km Lactanon. Average 
Second* Lacueon. Tranetton Second* Lactation. Hign Second* Lactation. Average 
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2 as 
Day 1-40 Day 41-199 Day 200-345 
Day 1-40 Day «1.199 Day 200-345 
Annual WIMSataatCom Oar/y rn* SfvCaw 
Annual Milk SafedCow OattyWkSalo*Cow 
Annual MB* Si—Cow Daily WUSaâewCow 
Annual Mtffc Salaa/Comr 
DmtyWkS*wCow 
Year 2 Year 3 21JM I «.17 Year 5 Year 6 H«ee #&* «7.10 Year a Year 9 2S.H7 2M17 70.40 72.10 
27JM 74.71 
21.174 
2S.W M.7S 
2S.017 73.47 
Cult Rata Data Annual Cutbng Rat* Average Weignt 
Death uwHem/Year 
Tot* Percent Leaving Herd 
Ml/* toss Ou# to Mastitis Percent of Cow herd tnfeaod/yr Average Days Treated 
tin* toe* OU# le Outer Disease Percent of Cow Herd infected/yr Average Day» Treated 
3a o% 29 5% 295% 29 5%1 295% 29 3%l 1.200 1.200 1200 1200 1 1,200 1200 I * 20C 
&0%l •m: •33- «5*1 
AVERAGE ANNUAL NON-FEED VARIABLE COSTS 
Reoair and Maintenance for Butdeigs Ree*r and Maintenance for Eqwoment Utety Costs Fuel and Oil PanorSuooees Beddmg Sucom BST and Other Espenees Vderwtary & Medtones Breedmg and Al Costs MareettrVTraneportaen 
LJOOT («nouong oeneffts) Laoor nours ' Cow < Year Total Employee* 
Manger» Salary 
True* and Au» Expenses Property Tame* and insurance 
OHIA Tesong 
uvestoc» Leases Rental and Lease Expenses PrOfeSfcdnai Fees (non veterinary i Reco*d4(ee»ng System 
$ re 672 oo I 6 316 00 
«1200 00 19 200 001 65 304 00 I 13000 00 242.400 00 | 149 200 00 42.200 00 | 44 000 00 1 
916 000 00 1 I *0 1 24 
70 000 00 I 
LaOor Wor»sft—f Total Moun: 4*000 LaOor Moun / Employee: 2000 Total F.T.e.-% 24 Laùor Coat par Hour I »0 75 Anerege Salary/Employ##.- 1 ZiJOOOO 
Manue Management 96 950 001 Manure Manaoemenf Wor*sh##f Gal of wa#*/cow/day jmc u I I 30 GaVeiis of Manure Nutrients Produced: TJ.T40.000 Manure Mitrww Coat par Gallon: 
I l l  
APPENDIX B-1 
SUMMARY STATISTICS FOR PRICE AND BIOLOGICAL VARIABLES 
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Table B-l.l. Summary Statistics for Price Variables Used in Simulation 
Average Std. Deviation Min Max 
Sept. Cull Cow Price 41.86 7.54 32.40 52.40 
Oct. Cull Cow Price 40.36 7.34 31.10 52.40 
Nov. Cull Cow Price 38.65 7.20 29.70 49.40 
Dec. Cull Cow Price 39.65 7.71 29.70 47.20 
Jan. Cull Cow Price 41.22 6.87 32.10 50.00 
Feb. Cull Cow Price 42.75 7.31 33.30 50.40 
Mar. Cull Cow Price 42.84 6.91 33.10 51.90 
Apr. Cull Cow Price 42.85 6.93 31.90 51.50 
May Cull Cow Price 43.65 7.27 33.40 51.30 
June Cull Cow Price 43.51 7.23 32.60 53.70 
July Cull Cow Price 42.95 6.84 33.40 53.10 
Aug. Cull Cow Price 42.35 6.95 33.90 53.30 
Sept. Milk Price 14.34 1.56 13.00 16." 
Oct. Milk Price 14.38 1.57 12.24 IS 0" 
Nov. Milk Price 14.27 1.81 11.85 IS 4') 
Dec. Milk Price 13.96 2.14 11.26 l S (»s 
Jan. Milk Price 13.57 1.70 11.22 to S'> 
Feb. Milk Price 13.04 1.17 11.15 14 SI 
Mar. Milk Price 13.06 1.15 11.04 14 ;.s 
Apr. Milk Price 12.87 1.02 11.00 14 :*) 
May Milk Price 12.74 1.12 11.10 14 .<< 
June Milk Price 12.94 1.25 11.28 15 115 
July Milk Price 13.23 1.41 11.74 15 5 S 
Aug. Milk Price 13.74 1.71 11.90 10 55 
Sept. Corn Price 2.36 0.64 1.72 4 14 
Oct. Com Price 2.23 0.37 1.56 2 92 
Nov. Com Price 2.21 0.32 1.65 2.70 
Dec. Com Price 2.25 0.33 1.73 2.W 
Jan. Com Price 2.27 0.31 1.87 2.S5 
Feb. Com Price 2.34 0.40 1.87 : 23 
Mar. Com Price 2.43 0.40 1.95 3.3S 
Apr. Com Price 2.48 0.51 1.96 3.S3 
May Com Price 2.47 0.51 1.96 3. SO 
June Com Price 2.49 0.66 1.96 4.35 
July Com Price 2.43 0.73 1.60 4.45 
Aug. Com Price 2.34 0.69 1.60 4.19 
Sept. Soy Meal Price 187.34 44.87 126.90 265.70 
Oct. Soy Meal Price 179.60 30.54 129.40 238.00 
Nov. Soy Meal Price 182.06 33.02 139.30 242.70 
Dec. Soy Meal Price 180.99 32.37 139.60 240.90 
Jan. Soy Meal Price 177.02 32.26 131.00 240.70 
Feb. Soy Meal Price 176.50 34.25 124.40 253.60 
Mar. Soy Meal Price 177.33 37.74 127.20 270.40 
Apr. Soy Meal Price 180.02 41.95 128.60 277.70 
May Soy Meal Price 184 16 45.62 127.00 296.00 
June Soy Meal Price 181.70 39.43 131.70 275.90 
July Soy Meal Price 183.64 40.10 125.71 261.50 
Aug. Sov Meal Price 180.88 42.39 135.70 261.60 
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Table B-1.2. Summary Statistics for Biological Variables Used in Simulation 
Average Std. Deviation Min Max 
Daily Milk Production (lbs.) 
Jan. Heifer Transition 64.30 7.51 45.00 86.00 
Feb. Heifer Transition 63.32 8.82 40.00 93.00 
Mar. Heifer Transition 63.96 7.43 40.00 85.00 
Apr. Heifer Transition 65.07 8.41 43.00 90.00 
May Heifer Transition 65.18 7.60 48.00 87.00 
June Heifer Transition 64.73 7.78 50.00 85.00 
July Heifer Transition 63.99 8.24 45.00 86.00 
Aug. Heifer Transition 63.33 6.71 44.00 78.00 
Sept. Heifer Transition 63.32 6.67 49.00 82.00 
Oct. Heifer Transition 64.34 7.04 47.00 84.00 
Nov. Heifer Transition 65.74 7.03 45.00 90.00 
Dec. Heifer Transition 65.07 7.27 46.00 83.00 
Jan. Heifer Early 78.68 6.26 60.44 93.21 
Feb. Heifer Early 79.73 6.75 59.81 97.88 
Mar. Heifer Early 80.46 6.72 58.64 96.48 
Apr. Heifer Early 80.82 6.30 66.18 99.13 
May Heifer Early 81.31 6.50 65.33 96.46 
June Heifer Early 80.25 6.73 63.00 97.92 
July Heifer Early 78.68 6.62 60.51 94.61 
Aug. Heifer Early 77.57 6.11 64.66 91.62 
Sept. Heifer Early 76.40 6.54 62.54 91.90 
Oct. Heifer Early 76.96 6.70 62.13 94.51 
Nov. Heifer Early 77.75 6.75 62.00 96.59 
Dec. Heifer Early 78.73 6.66 64.56 95.60 
Jan. Heifer Late 67.53 6.85 42.63 87.18 
Feb. Heifer Late 68.35 6.73 48.80 83.39 
Mar. Heifer Late 68.93 6.38 50.28 84.25 
Apr. Heifer Late 69.85 6.77 51.92 87.93 
May Heifer Late 70.33 6.63 51.12 91.01 
June Heifer Late 69.75 6.44 48.76 90.40 
July Heifer Late 68.21 6.97 48.25 85.87 
Aug. Heifer Late 66.91 6.87 48.22 86.43 
Sept. Heifer Late 65.90 7.14 50.25 82.10 
Oct. Heifer Late 66.61 6.35 53.26 82.82 
Nov. Heifer Late 66.81 6.72 52.00 83.65 
Dec. Heifer Late 67.26 6.34 54.00 84.36 
Jan. Mature Transition 91.62 7.87 73.46 108.00 
Feb. Mature Transition 92.85 8.28 74.47 116.85 
Mar. Mature Transition 93.17 8.72 67.73 118.88 
Apr. Mature Transition 94.80 10.72 46.44 118.50 
May Mature Transition 91.78 11.37 29.14 116.20 
June Mature Transition 88.61 9.35 56.67 112.72 
July Mature Transition 87.50 9.11 66.67 117.50 
Aug. Mature Transition 86.61 8.70 60.23 107.15 
Sept. Mature Transition 85.73 8.34 65.15 114.91 
Oct. Mature Transition 88.37 8.71 67.74 116.00 
Nov. Mature Transition 90.13 8.08 63.33 107.19 
Dec. Mature Transition 91.65 8.51 68.75 112.66 
Jan. Mature Early 91.89 7.57 74.55 118.92 
Feb. Mature Early 93.65 7.18 76.62 118.35 
Mar. Mature Early 95.32 7.40 77.77 113.05 
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Table B-1.2. (continued) 
Average Std. Deviation Min Max 
Apr. Mature Early 97.14 7.36 80.97 119.41 
May Mature Early 97.73 7.74 83.23 122.08 
June Mature Early 95.84 7.12 78.54 117.60 
July Mature Early 92.77 8.12 67.23 109.24 
Aug. Mature Early 91.64 7.48 75.49 112.28 
Sept. Mature Early 90.44 7.32 74.35 113.07 
Oct. Mature Early 90.80 7.14 74.02 114.65 
Nov. Mature Early 91.04 7.60 73.31 117.32 
Dec. Mature Early 92.04 7.21 75.14 110.45 
Jan. Mature Late 64.63 6.65 46.81 85.51 
Feb. Mature Late 65.84 6.75 48.27 82.92 
Mar. Mature Late 66.24 6.70 48.51 85.41 
Apr. Mature Late 67.00 6.31 52.63 90.33 
May Mature Late 67.75 6.26 54.34 85.71 
June Mature Late 68.21 6.27 49.22 81.21 
July Mature Late 66.68 6.67 48.73 82.51 
Aug. Mature Late 65.41 6.70 45.69 83.88 
Sept. Mature Late 63.57 6.85 47.55 87.00 
Oct. Mature Late 63.08 6.65 48.25 88.01 
Nov. Mature Late 62.61 6.82 46.39 87.72 
Dec. Mature Late 63.59 6.54 49.73 82.89 
Jan. Culling Rate 0.33 0.07 0.02 0.51 
Feb. Culling Rate 0.33 0.06 0.04 0.46 
Mar. Culling Rate 0.33 0.06 0.07 0.46 
Apr. Culling Rate 0.33 0.06 0.09 0.50 
May Culling Rate 0.33 0.06 0.12 0.45 
June Culling Rate 0.33 0.06 0.13 0.51 
July Culling Rate 0.34 0.06 0.15 0.49 
Aug. Culling Rate 0.34 0.06 0.14 0.49 
Sept. Culling Rate 0.34 0.06 0.17 0.51 
Oct. Culling Rate 0.34 0.06 0.19 0.49 
Nov. Culling Rate 0.34 0.06 0.20 0.48 
Dec. Culling Rate 0.34 0.05 0.20 0.45 
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CORRELATION MATRICIES FOR PRICE VARIABLES 
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Cull Cow Price 
Sep Oct Nov Dec Jan Feb Mar Apr May Jun . Jul Aug 
Sep 1.0000 0.9900 0.9796 0.9735 0.9802 0.9815 0.9467 0.9049 0.9032 0.8940 0.8537 0.8840 
Oct 1.0000 0.9941 0.9887 0.9860 0.9872 0.9652 0.9360 0.9302 0.9116 0.8840 0.9109 
Nov 1.0000 0.9923 0.9896 0.9885 0.9656 0.9389 0.9295 09171 0.8943 0.9237 
Dec 1.0000 0.9938 0.9878 0.9666 0.9417 0.9477 0.9397 0.9221 0.9505 
Jan 1.0000 0.9936 0.9573 0.9255 0.9318 0.9307 0.9086 0.9389 
Feb 1.0000 0.9726 0.9466 0.9444 0.9470 0.9156 0.9356 
Mar 1.0000 0.9918 0.9848 0.9688 0.9576 0.9565 
Apr 1.0000 0.9883 0.9677 0.9623 0.9476 
May 1.0000 0.9805 0.9839 0.9725 
Jun 1.0000 0.9841 0.9753 
Jul 1.0000 0 9903 
Aug 1.0000 
Milk Price 
Sep Oct Nov Dec Jan Feb Mar Apr Mav Jun Jul Aug 
Sep -0.6035 -0.5549 -0.3558 -0.2965 -0.3411 -0.3682 -0.4727 -0.1360 0.0329 -0.1045 -0.3102 -0.4935 
Oct -0.5705 -0.5593 -0.3748 -0.3178 -0.3538 -0.3682 -0.4689 -0.1360 0.0485 -0.0866 -0.3089 -0.5221 
Nov -0.5259 -0.5204 -0.3395 -0.2873 -0.3293 -0.3492 -0.4776 -0.1182 0.0341 -0.1031 -0.3168 -0.5345 
Dec -0.4914 -0.4765 -0.2880 -0.2343 -0.2842 -0.3643 -0.4753 -0.1173 0.0616 -0.0575 -0.2521 -04710 
Jan -0.5227 -0.4522 -0.2532 -0.1985 -0.2528 -0.3623 -0.4388 -0.0858 0.0931 -0.0469 -0.2532 -0 4600 
Feb -0.5011 -0.4721 -0.3080 -0.2560 -0.3054 -0.3413 -0.4703 -0.1422 0.0230 -0.1139 -0.3285 -0.520*) 
Mar -0.3667 -0.4155 -0.3278 -0.2861 -0.3256 -0.3642 -0.4877 -0.1862 -0.0395 -0.2003 -0.3987 -0 5612 
Apr -0.2790 -0.3854 -0.3379 -0.3033 -0.3370 -0.3801 -0.4910 -0.2103 -0.0949 -0.2504 -0.4411 -0 5929 
Mav -0.2784 -0.3403 -0.2712 -0.2350 -0.2828 -0.3827 -0.4838 -0.1881 -0.0283 -0.1755 -0.3480 -0 4980 
Jun -0.2346 -0.3228 -0.2659 -0.2320 -0.2982 -0.3869 -0.5485 -0.2749 -0.0571 -0.1991 -0.3670 -0 522') 
Jul -0.1820 -0.2244 -0.1726 -0.1430 -0.2060 -0.4539 -0.4683 -0.1759 0.0333 -0.1294 -0.2924 4) 450(1 
Aug -0.2688 -0.2591 -0.1530 -0.1154 -0.1809 -0.3857 -0.4541 -0.1261 0.0166 -0.0426 -0.2136 -O 
Corn Price 
Sep Oct Nov Dec Jan Feb Mar Apr Mav Jun Jul Aug 
Sep -0.2963 -0.1806 -0.1730 -0.1835 -0.1905 -0.1530 -0.1958 -0.1985 -0.1606 -0.1971 -0.0787 -0 0') 1 1 
Oct -0.2761 -0.1682 -0.1493 -0.1706 -0.1661 -0.1484 -0.1912 -0.2115 -0.1706 -0.2156 -0.0971 -0 12S4 
Nov -0.3337 -0.2472 -0.2213 -0.2391 -0.2314 -0.2147 -0.2601 -0.2786 -0.2311 -0.2685 -0.1591 -0 ! ')?" 
Dec -0.3476 -0.2496 -0.2263 -0.2485 -0.2479 -0.2328 -0.2734 -0.2813 -0.2357 -0.2661 -0.1533 -0 IX')-' 
Jan -0.3564 -0.2503 -0.2265 -0.2501 -0.2603 -0.2413 -0.2826 -0.2797 -0.2361 -0.2594 -0.1449 -0 11,1,-
Feb -0.2926 -0.2229 -0.2276 -0.2699 -0.2769 -0.2717 -0.3108 -0.3184 -0.2775 -0.3127 -0.1928 -0 204S 
Mar -0.1546 -0.1478 -0.1650 -0.2224 -0.2385 -0.2445 -0.2826 -0.3074 -0.2667 -0.3353 -0.2321 -0 2-iw. 
Apr -0.1108 -0.1397 -0.1641 -0.2410 -0.2539 -0.2795 -0.3154 -0.3539 -0.3187 -0.3971 -0.2974 -0 315 * 
Mav -0.1451 -0.1396 -0.1576 -0.2315 -0.2588 -0.2772 -0.3115 -0.3363 -0.3065 -0.3724 -0.2689 -0 2812 
Jun -0.1967 -0.2370 -0.2812 -0.3600 -0.3885 -0.4021 -0.4226 -0.4141 -0.3757 -0.4177 -0.3053 -0 297-
Jul -0.1708 -0.1970 -0.2125 -0.2882 -0.3276 -0.3469 -0.3727 -0.3719 -0.3318 -0.3809 -0.2864 -0.2924 
Aug -0.2519 -0.2312 -0.2268 -0.2781 -0.3082 -0.3138 -0.3430 -0.3351 -0.2848 -0.3196 -0.2238 -0.243-1 
Milk Price 
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Soybean Price 
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
Sep -0.0115 -0.1066 -0.0595 -0.0790 -0.0203 0.0578 0.1714 0.1545 02242 0.1582 -0.0245 0.0224 
Oct 0.0365 -0.0484 0.0503 0.0371 -0.0008 -0.0621 0.0037 -0.0097 0.0196 -0.0017 -0.0985 -0.0384 
Nov -0.0477 -0.1462 -0.0296 -0.0458 -0.1362 -0.2720 -0.2641 -0.2700 -0.2714 -0.2674 -0.2911 -0.2425 
Dec -0.0203 -0.1194 -0.0114 -0.0299 -0.1328 -0.2802 -0.2833 -0.2898 -0.2960 -0.2878 -0.2973 -0.2537 
Jan 0.1191 0.01965 0.1389 0.1073 -0.0069 -0.1581 -0.1808 -0.2060 -0.2141 -0.2003 -0.2259 -0.2113 
Feb 0.6168 0.5595 0.6761 0.6297 0.5171 0.3678 02652 0.1960 0.1665 02073 02207 0.1029 
Mar 0.4541 0.3929 0.5529 0.5387 0.4471 0.3024 0.2257 0.1780 0.1402 0.1820 0.1887 0.1159 
Apr 0.3615 0.4045 0.5267 0.5823 0.5425 0.3591 0.2767 0.2525 02142 02676 0.3719 02973 
May 0.0569 0.1879 02163 0.3525 0.3874 0.2198 0.1870 0.2419 0.2011 0.2365 0.4109 0.4218 
Jun 0.2309 0.2759 0.3242 0.3789 0.3276 0.1293 0.0287 0.0460 -0.0071 0.0372 02264 0 1451 
Jul 0.1135 0.11353 0.2069 0.2499 0.1773 -0.0064 -0.1030 -0.0800 -0.1417 -0.1023 0.0203 -0.0297 
Aug 0.0873 0.0561 0.1899 0.2256 0.1297 -0.0193 -0.0919 -0.0701 -0.1410 -0.0984 -0 0409 -0 0511 
Corn Price 
S 
•û 
a. 
U 
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
Sep 1.0000 0.8610 0.7397 0.6195 0.5870 0.4787 0.5155 0.4463 0.4154 0.2825 0 2742 0 3235 
Oct 1.0000 0.9547 0.8318 0.8617 0.7672 0.7783 0.6865 0.6471 0.5316 0 542- ; 115452 
Nov 1.0000 0.9708 0.9459 0.8833 0.8840 0.8014 0.7640 0.6650 U 61.12 1 0 6346 
Dec 1.0000 0.9801 0.9655 0.9608 0.8977 0.8711 0.7911 U 7697 0 7267 
Jan 1.0000 0.9692 0.9624 0.8721 0.8531 0.7719 0 7554 ! 0 6829 
Feb 1.0000 0.9936 0.9441 0.9285 0 8672 O 8438 i 0 7819 
Mar 1.0000 0.9672 0.9512 0.8970 I 0 87X1 1 0 8256 
Apr 1.0000 0.9905 0.9696 i U 9520 i 0 9280 
Mav 1.0000 0.9808 I 0 9598 1 0 9239 
Jun i i I 0000 1 0 9K10 1 0 4519 
Jul 1 0000 1 0 9771 
Aug 1 ! I 0000 
Soybean Meal Price 
Sep Oct Nov Dec Jan Feb Mar Apr Mav Jun Jul Aug 
Sep 0.7270 0.8194 0.7766 0.8040 0.8178 0.8716 0.8921 0.8552 0.8597 0.8664 0 7931 0.7500 
Oct 0.7673 0.8746 0.8812 0.9321 0.8846 0.8435 0.7889 0.7543 0.7106 0.7622 0 7865 0.7062 
Nov 0.6555 0.7909 0.8454 0.9358 0.9140 0.8429 0.7794 0.7558 0.7032 0.7635 0.7934 0.7281 
Dec 0.5076 0.6791 0.7484 0.8645 0.8630 0.7933 0.7181 0.7184 0.6487 0.7128 0.7226 0.6917 
Jan 0.5681 0.7259 0.7946 0.8789 0.8690 0.7992 0.6966 0.6796 0.6121 0.6760 0.6845 0.6112 
Feb 0.3679 0.5614 0.6300 0.7563 0.7793 0.7267 0.6347 0.6553 0.5712 0.6351 0.6311 0.6186 
Mar 0.3787 0.5663 0.6269 0.7647 0.8035 0.7563 0.6712 0.7021 0.6169 0.6750 0.6830 0.6722 
Apr 0.2243 0.4105 0.4573 0.6364 0.7120 0.6692 0.6105 0.6835 0.5907 0.6375 0.6674 0.7110 
Mav 0.2047 0.4030 0.4286 0.5996 0.6818 0.6410 0.5852 0.6594 0.5754 0.6144 0.6253 0.6799 
Jun 0.0818 0.2599 02974 0.4822 0.5784 0.5233 0.4659 0.5620 0.4684 0.5051 0.5587 0.6196 
Jul 0.1106 02810 02912 0.4773 0.5673 0.5065 0.4450 0.5434 0.4479 0.4873 0.5948 0.6375 
Aug 0.0556 0.2234 0.2205 0.4233 0.5250 0.4827 0.4459 0.5637 0.4634 0.5002 0.6259 0.6963 
119 
Soybean Price 
8 
S 
i 
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
Sep l.0000 0.9272 0.9184 0.8250 0.7082 0.6551 0.5826 0.4621 0.4802 0.4994 0.5088 0.3068 
Oct 1.0000 0.9578 0.9141 0.8423 0.8145 0.7534 0.6560 0.6688 0.6955 0.6659 0-5120 
Nov 1.0000 0.9641 0.8848 0.8293 0.7470 0.6412 0.6383 0.6786 0.6558 0.4787 
Dec 1.0000 0.96528 0.9085 0.8416 0.7750 0.7535 0.7982 0.7979 0.6653 
Jan 1.0000 0.9716 0.9296 0.8932 0.8731 0.9056 0.8941 0.7973 
Feb 1.0000 0.9801 0.9508 0.9386 0.9594 0.8927 0.8252 
Mar 1.0000 0.9825 0.9856 0.9926 0.9023 0.8763 
Apr 1.0000 0.9891 0.9943 0.9216 0.9353 
Mav 1.0000 0.9944 0.8976 0.9093 
Jun 1.0000 0.9194 0.9210 
Jul 1.0000 0.9506 
Aue 1.0000 
120 
APPENDIX B-3 
CORRELATION MATRICIES FOR BIOLOGICAL VARIABLES 
121 
Heifer Transition lbs of Milk/ Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan 1.0000 0.4589 0.4406 0.4382 0.4597 0.3934 0.2880 0.4029 0.3533 0.3724 0.2469 0.1908 
Feb 1.0000 0.5363 0.4918 0.4561 0.4360 0.4704 0.3839 0.4066 0.3490 0.3129 0.3742 
Mar 1.0000 0.2746 0.3859 0.4935 0.3817 0.4162 0.3479 0.3318 0.2395 0.2782 
Apr 1.0000 0.5534 0.4894 0.4567 0.3609 0.4714 0.4297 0.3400 0.3361 
May 1.0000 0.5981 0.4719 0.5187 0.5718 0.4483 0.3554 0.3047 
Jun 1.0000 0.4746 0.5558 0.5984 0.4337 0.3170 0.3206 
Jul 1.0000 .3368 0.4810 0.4141 0.3081 0.3551 
Aug 1.0000 0.6337 0.4794 0 3246 0.3163 
Sep 1.0000 0.4945 0 4891 | 0 4064 
Oct 1.0000 O 5304 ! 04268 
Nov | 1 IHNNl ' (I4>>13 
Dec I 1 IIIXKI 
Heifer Early lbs Milk/Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Not Dec 
£ Jan 0.4314 0.4524 0.4141 0.4304 0.4420 0 4032 0.3429 0.2822 0.2910 0.2679 i. 243ii 
s Feb 0.3349 0.4893 0.4186 0.4423 0.4551 0.3534 0.3504 0.3429 0.3649 0 3681 H II :-JT 
Mar 0.2854 0.3358 0.3495 0.3556 0.4171 0.3497 0.3251 0.3219 0.2901 0 294- n :v-s I) 2667 
in Apr 0.2437 0.2807 0.2531 0.4075 0.4066 0.3023 0.1667 0.1924 0.3109 0 2416 n 24114 II 2" 19 
£ Mav 0.3326 0.3084 0.3605 0.4996 0.5198 0.4997 0.3760 0.4051 0.4538 0 4282 H »<-s II 430-
S 
e Jun 0.2754 0.2517 0.2287 0.3261 0.4196 0.4860 0.3616 0.3310 0.3924 0 3663 n s SI IS II 39XK 
Jul 0 1839 0.2102 0.1496 0.3243 0.3278 0.2120 0.3846 0.2771 0.3547 0.1798 H 23H» II 32711 
s 
« Aug 0.1908 0.2130 0.1682 0.1971 0.2497 0.2831 0.2286 0.3463 0.4180 0.375? (i .•'•ii, II 31 lo­k 
H Sep 0.2153 0.2403 0.1961 0.3130 0.3158 0.3534 0.2659 0.3145 04923 0.4068 ii 3544 ll 3743 &. Oct 0.2195 0.2537 0.1796 0.2494 0.3455 0.2732 0.2012 0 3097 0.3488 04522 0 452! 0 4692 
*5 Nov 0.2309 0.2555 0.2600 0.3151 0.3554 0.3317 0.2820 0.3452 0 4468 0 4900 o 555(i 0 5235 
Dec -0.0087 0.1346 0 0636 0.0299 0.1691 0.1138 0.0100 0.1157 0.2037 0.2289 0 28 39 II 4560 
Heifer Late lbs Milk/day 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
66 
V Jan 0.3448 0.3621 0.3177 0.3513 0.3532 0.2865 0.2702 0.2550 0.2690 0.3063 0.2383 II 2983 
a Feb 0.2994 0.3929 0.3317 0.3103 0.3654 0.2733 0.2853 0.2664 0.3248 0.3951 0.3506 0 3626 
? Mar 0.3099 0.3155 0.2706 0.2488 0.2378 0.1955 0.2052 0.2314 0.2922 0.3439 0.3151 0 332') 
(ft Apr 0.1707 0.2476 0.2699 0.2965 0.2792 0.2152 0.2113 0.0767 0.1258 0.2198 0.1648 0 2157 
g Mav 0.3352 0.3376 0.3009 0.3378 0.3902 0.3623 0.3024 0.2449 0.3035 0.3520 0.2625 0 3472 
.2 Jun 02375 0.2620 0.2068 0.2641 0.2789 0.3048 0.2206 0.1980 0.2488 0.3371 0.2473 0.3582 
*s g Jul 0.1694 0.2224 0.1713 0.2030 0.2762 0.2552 0.3476 0.2883 0.3199 0.2589 0 2319 0.1793 
2 Aug 0.1306 0.2241 0.1178 0.1380 0.1618 0.2296 0.1831 0.1994 0.2596 0.3358 0.2542 0.2775 
H Sep 0.1784 0.2389 0.2006 0.2531 0.2196 0.2970 0.2225 0.1900 0.2660 0.3233 0.2327 0.2644 
a Oct 0.1483 0.2338 0.1720 0.1869 0-2533 0.2366 0.1969 0.1946 0.2656 0.3885 0.2612 0.3049 
« 
s Nov 0.1880 0.2484 0.1487 0.1149 0-2105 0,2451 0-2254 0.2644 03326 0.4446 0.3886 0.3978 
Dec -0.0185 0.0503 -0.0361 -0.0606 0.691 -0.0186 -0.0455 0.0272 0.0473 0.1802 0.1230 0.2668 
Ile fer Transi lion lbs Milk/da y Heifer Transiti on lbs Milk/day 
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Monthly Culling Rate 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan -0.3501 -0.3039 -0.2943 -0.2893 -0.3174 -0.2944 -0.2871 -0.2617 -0.2017 -0.2077 -0.2118 -0.2268 
Feb -0.1933 -0.1432 -0.1360 -0.1480 -0.1348 -0.1091 -0.1135 -0.0965 -0.0586 -0.0798 -0.1297 -0.1651 
Mar -0.3057 -0.3057 -0.2739 -0.2752 -0.2758 -0.2213 -0.2451 -0.2545 -0.2100 -0.2241 -0.2408 -0.2057 
Apr -0.1589 -0.1037 -0.1156 -0.1137 -0.1549 -0.1361 -0.1443 -0.1232 -0.0646 -0.0784 -0.1602 -0.1388 
May -0.2376 -0.lf.82 -0.1557 -0.1403 -0.1721 -0.1122 -0.0832 -0.1033 -0.0569 -0.0361 -0.0679 -0.0431 
Jun -0.2611 -0.2521 -0.2113 -0.2004 -0.2457 -0.1900 -0.1775 -0.2125 -0.2092 -0.1974 -0.1942 -0.1454 
Jul -0.0344 -0.0202 0.0073 -0.0152 -0.0381 -0.0219 -0.0525 -0.0813 -0.1049 -0.1652 -0.2157 -0.2029 
Aug -0.2289 -0.1807 -0.1764 -0.1547 -0.1515 -0.0876 -0.1008 -0.1002 -0.1028 -0.0706 -0.1066 -0.1021 
Sep -0.2690 -0.2357 -0.2340 -0.2361 -0.2335 -0.1714 -0.1874 -0.2014 -0.1819 -0.1711 -0 2074 -0 1606 
Oct -0.2099 -0.2039 -0.1977 0.1926 -0.2134 -0.1326 -0.1766 -0.1877 -0.1181 -0.1520 -O 1249 -0 0922 
Nov -0.1667 -0.1065 -0.1061 -0.163 -0.1055 -0.0944 -0.1096 -0.1196 -0.0639 -0.0726 -Oil-!," 1 -0 0304 
Dec -0.1839 -0.1553 -0.1694 -0.1170 -0.0939 -0.1137 -0.1214 -0.1011 -0.1043 -0.107X ' JI 1321 -<) 1420 
1 
£ 
|
•5 
B 
£ 
£ 
Heifer Early lbs Milk/Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Not Dec 
Jan 1.0000 0.8318 0.8082 0.7430 0.7216 0.6678 0.6082 0.6499 0.5757 0 5(,is , , II <214 
Feb 1.0000 0.8748 0.7723 0.7439 0.6660 0.5644 0.6419 0.5862 0 6205 It •"*<«> II <(,<-
Mar 1.0000 0.8370 0.7832 0.7325 0.6154 0.6875 0.6186 0 651 " i1 I.J4* 0 5X49 
Apr 1.0000 0.8328 0.7552 0.6283 0.6512 0.6610 0 5X25 tl M.'MI 0 5433 
Mav 1.0000 0.8157 0.6984 0.7179 0.6766 0 0X92 «• f»*2n O <>4(14 
Jun 1 0000 0.7319 0.7290 0.6943 0 70" m-;': 0(,353 
Jul I 0000 0 7800 0.6825 0 5974 Ii Villli 0 5309 
Aug 1.0000 0.8264 0.7736 II-12U 0 <>5X<> 
Sep 1.0000 0 7857 II (I (,244 
Oct 1 oooo II SI.Ill 0 -X52 
Nov 1 IIIKKI 0X242 
Dec 1 OOOO 
Heifer Late lbs Milk/dav 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec | 
Jan 0.8098 0.7776 0.7300 0.7432 0.7243 0.6604 0.6295 06369 0.5882 0 6366 0 5725 0 523X | 
Feb 0.7239 0.8209 0.7435 0.7058 0.7073 0.6248 0.5435 0.5779 0.5515 0.6295 05722 05195 
•S Mar 0.7489 0.7565 0.7986 07265 0.6996 0.6617 05548 0.5997 0.5747 0.6388 0 6212 05591 ; 
£6 Apr 0.6985 0.7186 0.7425 0.7480 0.6751 0.6759 0.6263 0.5996 0.6276 0.6266 0.5990 0 5075 ! 
z Mav 0.6581 0.7124 0.7064 0.6777 0.7618 0.6638 0.6447 0.6018 0.5932 0 6291 0.5774 0.5344 j 
tti 
s Jun 0.6373 0.6234 0.6097 0.6486 0.6232 0.7724 0.5905 0.5482 0.5755 0.6274 05897 0 58X4 1 
Jul 0.6104 0.5875 0.5645 0.5466 0.6058 0.6717 0.7849 0.6202 0.6570 0.6163 0.5957 : 0 5266 2 
«8 Aug 0.5981 0.6456 0.5929 0.5607 0.6005 0.6736 0.6619 0.7973 0.7333 0.7374 07038 0 6548 
Eri Sep 0.5600 0.5710 0.5592 0.5399 0.5654 0.6177 0.6341 0.6607 0.8055 0.7325 0.6209 0.5106 
«8 Oct 0.5692 0.5975 0.5564 0.5028 0.5260 0.5591 0.4667 0.5312 0.5854 0.7592 0.6505 0.6167 
H
ei Nov 0.5500 0.5754 0.5540 0.4847 0.5342 0.5627 0.4930 0.5385 0.5458 0.7355 07404 0.6643 
Dec 0.358 0.5677 0.5233 0.4495 0.5144 0.5217 0.4455 0.5095 0.4757 0.6508 0.6422 0.7303 
124 
Mature Transition lbs Milk/Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan 0.4184 0.4594 0.3729 0.2744 0.2048 0.1709 0.2578 0.3630 02473 0.3013 0.1502 0.2249 
Feb 0.2717 0.5628 0.3739 02809 0.1760 0.1707 0.1804 0.3414 0.2967 0.2909 0.1562 0.2877 
s Mar 0.2780 0.5041 0.4504 0.2748 0.1317 0.2175 0.1936 0.3437 02767 0.2462 0.1980 0.2972 
a Apr 0.3111 0.5558 0.4644 0.4768 0.2803 0.3536 0.3878 0.4262 0.4228 0.3473 0.2487 0.2675 
s» May 0.3261 0.5759 0.4459 0.4864 0.3909 0.3912 0.3880 0.4504 0.4166 0.3555 0.2994 0.2891 
f Jun 0.2603 0.4944 0.4007 0.3886 0.3133 0.4221 0.3787 0.3957 0.3858 0.3211 0.2449 0.3056 £ Jul 0.3648 0.4696 0.3908 0.3080 0.2912 0.3390 0.5068 0.4383 0.3786 0.3204 0.2735 0.2649 
f Aug 0.2991 0.4515 0.3912 0.4078 0.2427 0.3548 0.3298 0.5450 0.4253 0.3981 0 3020 03759 
ee 
Ed Sep 0.2636 0 4991 0.3302 0.4503 0.2600 0.3925 0.3155 0.4603 0.5124 0.4551 0 2441 0 3622 
w Oct 0.2351 0.4658 0.3291 0.4023 0.2138 0.3550 0.2003 0.4113 0.4255 0.3608 0 3299 0 3537 
"5 Nov 0.2230 0.3929 0.3336 0.3977 0.2151 0.3722 0.2685 0.4260 0.3981 03515 1142"! 11 4362 S Dec 0.1641 04045 0.3973 0.3735 0.2661 0.4214 0.2542 0.4251 0.4089 0.3139 If 11 5.>4(, 
Mature Early lbs Milk/Day 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct \o% llcc 
Jan 0 8150 0.7576 0.7281 0.6494 0.5795 0.5951 0.4958 0.5813 0.5928 0 6109 1. it 
Feb 06123 0.8072 0.7005 0.6426 0.5996 0.5770 0.4065 0.4890 0.5219 0 57(11 " Z2 
C8 Mar 0.6556 0.7472 0.8070 0.6811 0.6186 0.6167 0.4547 0.5226 0.6173 0 657- H 
1 Apr 0.6552 0.7031 0.7391 0.7759 0.6681 0.6442 0.5273 0.5750 0.6934 0 6341 ii f»«it ! U 5S7(, 
5 Mav 0.6199 0.6911 0.7020 0 6999 0.7790 0.6998 0.5601 0.6149 0.6242 0 62(>S 1* W|H iE. 
VI Jun 0 5531 0.5870 0.6136 06367 0.6174 0.8100 0.5334 0.5491 0.6000 0614" u II 5074 
JB Jul 0.5188 0.5768 0.5577 0.5730 0.5697 0.6984 0.7932 0.6587 0.6132 05914 M MM 
r Aug 0.5306 0.6315 0.6046 0.5618 0.5291 0.6025 0.5601 0.7407 0.6767 06834 I I  W I - 5  II 5-51 
U3 Sep 0.4760 0.5255 0.5239 0.5357 0.4985 0.5916 0.5261 06599 0.7476 0 6543 II 54-< 
k 
â Oct 0 4294 0.5460 0.5192 0.4985 04819 0.5728 0.3692 0.4871 0.5445 07342 Il «44S 
*5 Nov 0 4472 0.5378 0.5165 0.5231 0.5009 0.5410 0.3818 0.4730 0.5113 0 6699 II "124 
— Dec 0 3682 0.4739 04943 0.5033 0.4899 05062 0.3412 04557 0.4320 05637 11 (,2]n 
Mature Late lbs Milk/dav 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan 0.6803 0.6563 0 6231 0.5827 0.5826 0.5496 05522 0.5511 0.5080 0.5437 0 43'K) 1)49411 
>1 Feb 0.5418 0.6479 0.5799 0.5237 0.5261 0.4517 0.4170 0.4607 0.4637 0.4931 0 3999 I) 3*HI4 
es 
•e Mar 0.5971 0.6267 0 6439 0.5620 0.5549 0.5069 0.4818 0.5155 0.4946 0.5284 04796 0 49WI 
i Apr 0.5920 0.6028 06164 0 6046 0.5405 0.5333 0.5340 0.5540 0.5730 0.5271 0 4785 0 5035 
S Mav 0.5423 0.5835 0.5705 0.5257 0.6089 0 5190 0.5388 0.5960 0.5353 0.5396 0 4747 0 51X4 
•S Jun 0.5579 0.5286 05023 0.4897 0.5133 0.6277 0.5118 0.5279 0.5128 0.5256 04674 I) 51 Of, 
>> Jul 0.5064 0.4852 0.4749 0.4368 0.4530 0.5067 0.7263 0.5926 0.5594 0.5201 0.5185 0 4743 
w 
«6 Aug 0.4435 0.4949 04359 0.3798 0.4166 0.4819 0.5672 0.6724 0.6009 0.5492 0.5242 04929 
tri Sep 0.4119 0.4062 0.3744 0.3361 0.3505 0.4361 0.5182 0.5999 0.7102 0.5715 0.4822 0.4209 
«2 Oct 0.4241 0.4583 0.4017 0.3040 0.3321 0.3583 0.3520 0.4696 0.4859 0.5712 0.4888 0.4545 
e» 
Nov 0.4220 0.4736 0.3901 0.3002 0.3377 0.3592 0.3490 0.4633 0.4359 0.5307 0.5652 0.5238 
Dec 0.4274 0.4864 0.4048 0.2853 0.2582 0.2983 02920 0.4306 0.4117 0.4397 0.4972 0.5519 
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Culling Rate 
I 
1 
ee 
H 
L. 
«2 
*5 
= 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan -0.1587 -0.1012 -0.0976 -0.1205 -0.1457 -0.1414 -0.1451 -0.1545 -0.1148 -0.0972 -0.1009 -0.0926 
Feb -0.2393 -0.1721 -0.1770 -0.1662 -0.1837 -0.1881 -0.1829 -0.1833 -0.1630 -0.1441 -0.1195 -0.1180 
Mar -0.1660 -0.1119 -0.1116 -0.1182 -0.1241 -0.1061 -0.1126 -0.1143 -0.0795 -0.0795 -0.0605 -0.0596 
Apr -0.1572 -0.1074 -0.0905 -0.1198 -0.1594 -0.1159 -0.1267 -0.1386 -0.0933 -0.1065 -0.0966 -0.0736 
May -0.1471 -0.1058 -0.1059 -0.1230 -0.1463 -0.1086 -0.1261 -0.1173 -0.0842 -0.0925 -0.0867 -0.0600 
Jun -0.1879 -0.1626 -0.1246 -0.1244 -0.1439 -0.0989 -0.1064 -0.0973 -0.0780 -0.0623 -0.0231 -0.0045 
Jul -0.1473 -0.1350 -0.1022 -0.1494 -0.1609 -0.1477 -0.1617 -0.1706 -0.1901 -0.2090 -0.2044 -0.1715 
Aug -0.1250 -0.0869 -0.0543 -0.0723 -0.0665 -0.0508 -0.0952 -0.0924 -0.0725 -0.0786 -0.0586 -0.0336 
Sep -0.1617 -0.1258 -0.1246 -0.1319 -0.1143 -0.0916 -0.1138 -0.0960 -0.0662 -0.0838 -0.0742 -0.0479 
Oct -0.2008 -0.1493 -0.1469 -0.1338 -0.1377 -0.1059 -0.1144 -0.0918 -0.0486 -0.0319 -0.0145 00345 
Nov -0.1083 -0.0593 -0.0679 -0.0658 -0.0806 -0.0539 -0.0545 -0.0782 -0.0537 -0.0291 -0.0283 0.0114 
Dec -0.0571 -0.0028 0.0047 0.0241 0.0033 0.0225 0.0259 0.0129 0.0305 0.0329 0.043b 0 0728 
Heifer Late lbs Milk/Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan I.OOOO 0.8702 0.8240 0.8017 0.7420 0.6984 0.6262 0.6179 0.5950 0.665 0b! 58 i) 5(i 11 i 
Feb 1.0000 0.8512 0.8017 0.7769 0.7046 0.6282 0.6821 0.6304 0.6976 0 6319 
1 
ui»w<> 1 
Mar 1.0000 0.8884 0.8184 0.7249 0.6611 0.6432 0.6166 0.6636 0 b404 i O 5<><><> i 
Apr 1.0000 0.8430 0.7960 0.6705 0.6553 0.6209 0.6401 0 6094 (1 5IK.9 ! 
Mav 1.0000 0.7893 0.7549 0.6963 0.6684 0.6652 0 bSOl (15255 i 
Jun 1.0000 0.8008 0.7525 0.7159 0.6945 06859 o 5~(>l 
Jul I.OOOO 0.7693 0.7550 0.6639 0.6447 o 5<>5o 
Aug 1.0000 0.8406 0.7219 0 6993 0 5911, 
Sep 1.0000 0.8074 0 7502 I I  555<> 
Oct 1.0000 0.8567 1 )  ( U " 9  
Nov i oooo (1 -<4! 
Dec 1  C H H H I  
Mature Transition lbs Milk/day 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov ! Dcc 
Jan 0.2739 0.3875 0.3392 0.1744 0.1626 0.2278 0.2489 0.2234 0.1889 0.1872 0.1256 1 0 22SI. 
Feb 0.2303 0.4151 0.3125 0.2481 0.1593 0.1842 0.2094 0.2760 0.1955 0.1825 0.1821 i ()2(."> 
Mar 0.1841 0.3915 0.3484 0.2620 0.1654 0.1772 0.2121 0.2628 0.2553 0.1721 0.1435 ! U212(, 
Apr 0.2312 0.3928 0.2983 0.2628 0.2172 0.2275 0.3009 0.2609 0.2776 0.2305 0.1408 i OIX2! 
Mav 0.2472 0475b 0 3 23b 0.2497 0.3263 0.2709 0.3247 0.3385 0.3236 0.2857 0 251 ! ! i)23!3 
Jun 0.2238 0.3774 0.2528 0.2271 0.1573 0.3003 0.36b6 0.3237 0.3023 0.2954 0.1828 ! 0 24(19 
Jul 0.2808 0.3b44 0.2704 0.2500 0.2744 0.2623 0.4692 0.3888 0.3217 0.3055 0.2261 0 |7'HI  
Aug 0.3083 0.353b 0.3191 0.2516 0.1811 0.3191 0.3540 0.4565 0.3443 0.3500 0.293b 0 3(.S(> 
Sep 0.2542 0.4365 0.2595 0.2836 0.1674 0.3019 0.2917 0.4003 0.4084 0.4057 0.2549 0 3389 
Oct 0.2844 0.5053 0.3362 0.3106 0.2402 0.2957 0.2893 0.4247 0.3716 0.4104 0.3209 0.3335 i 
Nov 0.1752 0.4187 0.3592 0.2199 0.2507 0.2406 0.2546 0.3692 0.3613 0.3217 0.3470 0 3368 ! 
Dec 0.1372 0.3612 0.4408 0.2792 0.2333 0.2904 0.2014 0.3929 0.3481 0.2764 0.4412 04587 I 
126 
Mature Early lbs Milk/day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan 0.7093 0.6541 0.6605 0.5625 0.5029 0.5660 0.5040 0.5241 0.5337 0.5468 0.4772 0.5313 
Feb 0.6259 0.7088 0.6453 0.5597 0.5401 0.5475 0.4538 0.5216 0.5030 0.5438 0.4827 0.5213 
Mar 0.5944 0.6314 0.7225 0.6108 0.5805 0.5624 0.4884 0.5238 0.5976 0.5957 0.5525 0.5748 
Apr 0.5922 0.6087 0.6416 0.6274 0.5763 0.5875 0.4473 0.4782 0.5568 0.5246 0.4938 0.4953 
May 0.5771 0.6545 0.6769 0.6387 0.7280 0.6388 0.5427 0.5941 0.5834 0.5316 0.5300 0.5488 
Jun 0.5468 0.5609 0.6038 0.5525 0.5418 0.7284 0.5570 0.5571 0.5792 0.5472 0.4785 0.4974 
Jul 0.5520 0.5391 0.5717 0.5205 0.5639 0.6198 0.7710 0.6822 0.6348 0.5470 04653 0.4472 
Aug 0.5440 0.5893 0.6122 0.5151 0.4940 0.5248 0.5437 0.7437 0.6459 0.5927 05381 0.5380 
Sep 0.5156 0.5458 0.5551 0.5290 0.5038 0.5794 0.5752 0.6777 0.7338 06033 0 5088 0.4636 
Oct 0.5426 0.6379 0.6013 0.5998 0.5507 0.5862 0.4809 0.6217 0.6328 0.7145 0 6275 06022 
Nov 0.4933 0.5675 0.5866 0.5582 0.5112 0.5647 0.4847 0.5540 0.5757 0.6291 ! lUih'Hi 1 0012') 
Dec 0.3893 0.4499 0.5022 0.4218 0.4169 0.4560 0.3689 0.4494 0.4490 0.5035 1 ii532" ' 0 6405 
Mature Late lbs Milk/Day 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct \o\ Dec 
Jan 0.7842 0.7097 0.7209 0.6354 0.6108 0.5757 0.5646 0.5284 0.5019 0.55411 " ii 55M 
Feb 0.6845 0.7778 0.6622 0.6013 0.5908 0.5341 0.5186 0.5388 0.4952 0 5541 i.4'i\i. II 5494 
Mar 0.6904 0.6910 0.7551 0.6838 0.6463 0.5904 0.5861 0.5535 0.5636 0 585" O5705 
Apr 0.6948 0.6467 0.6611 0.7252 0.6520 0.6276 0.5629 0.5192 0.5182 0 5302 1.4-02 o4')55 
Mav 0.6223 0.6365 0.6196 0.6155 0.7413 0.6007 0.6010 0.5938 0.5831 0 5935 H<!->- 0 5165 
Jun 0.6187 0.6102 0.5608 0.5608 0.5853 0.7606 0.6539 0.6070 0.5832 0.5802 iK|"> 0 5341) 
Jul 0.5727 0.5538 0.5463 0.5153 0.5580 0.6211 08317 0.6848 0.6454 0 5994 II <4411 0 5042 
Aug 0.4973 0.5342 0.4745 0.4107 0.4555 0.5373 0.6332 0.7778 0.6707 0 5710 (I <24S 0 4786 
Sep 0.4690 0.4777 0.4572 0.4188 0.4691 0.5440 0.6462 0.7271 0.8250 0.6748 0 <S"w 0 4551 
Oct 0.5580 0.6192 0.5568 04640 0.5050 0.5344 0.5344 0.6564 0.6876 0.80X4 m.-X'i 0 5701 
Nov 0.5317 0.5885 0.5502 0.5074 0.5192 0.5539 0.5554 0.6248 0.6053 0.6717 o "<42 0 0029 
Dec 0.5165 0.5921 0.5070 0 4235 0.4338 0.4442 0.4369 0.5237 04636 0.5185 ! o (iI02 0 7314 
Culling Ral e 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov ! Dec 
Jan -0.1155 -0.0523 -0.0509 -0.0836 -0.0980 -0.1068 -0.1010 -0.1048 -0.1009 -0.0880 -0 0875 1 -0.0599 1 
Feb -0.1321 -0.0751 -0.0793 -0.0995 -0.0987 -0.1028 -0.1150 -0.1037 -0.0795 -0.0865 -0 0851 1 -0 0X01 ! 
Mar -0.0147 0.0244 0.0201 -0.0025 -0.0115 -0.0132 -0 0298 -0.0449 -0.0387 -0.0515 
1 1 
-0.0h94 | -00775 ' 
Apr -0.0463 -0.0054 -0.0107 -0.0415 -0.0668 -0.0639 -0.0908 -0.0934 -0.0921 -0.0860 -0 0792 i -0.0783 ! 
Mav -0.0521 -0.0034 -0.0160 -0.0334 -0.0318 -0.0357 -0.0576 -0.0695 -0.0558 -0.0764 -0.099O -0.1114 : 
Jun -0.0774 -0.0511 -0.0342 -0.0484 -0.0516 -0.0330 -0.0732 -0.0576 -0.0655 -0.0697 -0.0576 -0.0840 -
Jul -0.0216 -0.0103 -0.0118 -0.0558 -0.0629 -0.0563 -0.0908 -0.0967 -0.1304 -0.1617 -0.1721 -0.1789 | 
Aug -0.0065 0.0386 0.0559 0.0141 0.0416 0.0429 -0.0090 -0.0008 -0.0202 -0.0555 -0.0542 -0.0794 | 
Sep -0.0628 -0.0340 -0.0249 -0.0635 -0.0283 0.0033 -0.0272 -0.0139 -0.0025 -0 0604 -0.0678 -0.0801 
Oct -0.1653 -0.1135 -0.1151 -0.1262 -0.1154 -0.0965 -0.1196 -0.1053 -0.0766 -0.1045 -0.1151 -0.0865 
Nov -0.0326 0.0120 0.0056 -0.0140 -0.0323 -0.0152 -0.0411 -0.0622 -0.0279 -0.0663 -0.0791 -0.0773 
Dec -0.0501 -0.0090 0.0093 0.0208 0.0075 0.0363 0.0472 0.0351 0.0776 0.0415 0.0511 0.0177 
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Mature Transition lbs Milk/day 
>1 Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
•3 Jan 1.0000 0.4291 0.4110 0.3291 0.2639 0.2809 0.4477 0.4642 0.3091 0.3405 0.2941 0.1994 
a Feb 1.0000 0.5243 0.5397 0.3694 0.3547 0.2882 0.4142 0.4969 0.4418 0.3482 0.2677 
z Mar 1.0000 0.3619 0.4711 0.3193 0.3975 0.4180 0.3215 0.3740 0.3132 0.3348 
JB Apr 1.0000 0.4052 0.4697 0.3845 0.5261 0.5406 0.4846 0.4576 0.3396 
S May 1.0000 0.4927 0.5814 0.5266 0.5699 0.4036 0.3344 0.1580 
.2 Jun 1.0000 0.5578 0.5008 0.5429 0.4583 0.4412 0.4156 
M 
B Jul 1.0000 0.5726 0.5150 0.4729 0.3759 0.2928 
2 Aug 1.0000 06202 0.5538 0.5179 0.3938 H 
<u Sep 1.0000 0.6376 0.4819 0.3939 
3 Oct 1.0000 0.5369 0.5282 
S Nov 1.0000 0.5681 
s Dec 1.0000 
Mature Earlv lbs Milk/Dav 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan 0.4772 0.4394 0.3629 0.3915 0.3466 0.3193 0.3038 0.4344 0.3345 0.3895 0.2824 0.2977 
Feb 04337 0.6081 0.5702 0.6334 0.6664 0.5506 0.3756 0.4366 0.5198 0.5102 0.4601 04361 
Mar 0.4056 0.4763 0.5663 0.5590 0.4954 0.4856 0.4300 0.5251 0.4644 0.4413 0.4182 0 4631 
Apr 0.3047 0.3930 0.2904 0.4977 0.4860 0.3936 0.3022 0.4061 0.4405 0.3919 0.3476 0.3427 
Mav 0.2485 0.2483 0.2357 0.3709 0.5084 0.4147 0.4381 0.4573 0.3533 0.2988 0.2937 03021 
Jun 0.1975 0.2392 0.2489 0.3739 0.3923 0.4344 0.3541 0.4257 0.3410 0.3395 0.3259 04207 
Jul 0.2457 0.2638 0.25089 0.4078 0.3928 0.4637 0.6013 0.5400 0.4224 0.3367 0.2864 0 3244 
Aug 0.3711 0.4079 0.3709 0.4933 0.4316 0.4062 0.4559 0.6498 0.5253 0.4934 0.4300 0 4802 
Sep 0.2660 0.3091 0.3167 0.4675 0.4743 0.4385 0.4275 0.4770 0.5447 0.5483 0.5039 0 5025 
Oct 0.3212 0.3840 0.2981 0.4176 0.3699 0.3789 0.3405 0.4725 0.5142 0.5084 0 4689 0 4912 
Nov 0.1919 0.2615 0.1926 0.2957 0.3462 0.2576 0.2216 0.2935 0.3171 03715 0.5023 05302 
Dec 0.1261 0.2596 0.2703 0.3145 0.3027 0.3062 0.1989 0.3166 0.3093 0.3642 0 4118 <)5o2i> 
Mature Late lbs Milk/Dav 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan 0.2987 0.3260 0.2382 0.2064 0.2071 0.2072 0.2914 0.3286 0.2308 0.2358 0.2145 0 2421 
Feb 0.3485 0.4558 0.4106 0.3170 0.3798 0.2883 0.2969 0.4003 0.4852 0.4773 0.3628 0 3145 
Mar 0.3744 0.3661 0.3926 0.3454 0.3379 0.2969 0.3210 0.3746 0.3197 0.3479 0.4401 0 424S 
Apr 0.1249 0.2204 0.1559 0.1541 0.1740 0.1743 0.1831 02687 0.3123 0.2843 0.2260 0 2'Mi-
Mav 0.2008 0.1688 0.1768 0.2834 0.3418 0.2378 0.2455 0.3018 0.2700 0.2406 0.2761 02X1K. 
Jun 0.2155 0.1671 0.1263 0.1065 0.1419 0.1967 o !'3-l 0 3228 0.2701 0.2082 0.2657 0.3324 
Jul 0.2520 0.2254 0.1709 0.2258 0.2100 0.2605 0.3996 0.3505 0.2490 02219 0.2647 0.2ri«4 
Aug 0.1778 0.2249 0.1750 0.1592 0.2128 02535 0.3096 0.4518 0.3478 0.2936 02790 0 31 i" 
Sep 02376 0.2167 0.2002 0.2181 0.1915 0.1881 0.2731 0.3619 04405 0.3159 0.3227 0.271 X 
Oct 0.1459 0.1952 0.1568 0.1977 0.2172 0.2841 0.2522 0.3615 0.4145 0.4013 0.3586 0292X . 
Nov 0.1552 0.2577 0.1244 0.0873 0.1891 0.1487 0.1716 0.2534 02064 0.2892 0.3358 0.36711 
Dec 0.1114 0.2168 0.1235 0.0603 0.1267 0.1362 0.1035 0.2486 0.2839 0.2648 0.3178 0 3255 : 
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Culling Rate 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan -0.0473 -0.0052 -0.0063 -0.0412 -0.0725 -0.0448 -0.0439 -0.0611 -0.0246 0.0064 -0.0037 -0.0165 
Feb -0.1911 -0.1494 -0.1475 -0.1468 -0.1580 -0.1559 -0.1538 -0.1731 -0.1481 -0.1299 -0.1072 -0.1165 
eg 
P Mar -0.0588 -0.0293 -0.0371 -0.0481 -0.0686 -0.0586 -0.0710 -0.0935 -0.0668 -0.0712 -0.0620 -0.0839 
Apr -0.1241 -0.1153 -0.1074 -0.1230 -0.1510 -0.1489 -0.1594 -0.2044 -0.1626 -0.1711 -0.1743 -0.1746 
£ Mav -0.1118 -0.0886 -0.0968 -0.1134 -0.1248 -0.1116 -0.1206 -0.1544 -0.1287 -0.1509 -0.1540 -0.1473 (/! 
5 Jun -0.1000 -0.1043 -0.0793 -0.0821 -0.1159 -0.0893 -0.0941 -0.1019 -0.0858 -0.1110 -0.0825 -0.0959 
>> 
• 
Jul 0.0133 0.0056 0.0215 -0.0390 -0.0625 -0.0508 -0.0793 -0.1116 -0.1425 -0.1931 -0.2083 -0.2151 
« Aug -0.0129 0.0026 0.0329 -0.0091 -0.0068 -0.0068 -0.0419 -0.0463 -0.0255 -0.0671 -0.0810 -0.0916 
lei 
<u Sep -0.0423 -0.0114 0.0027 -0.0258 -0.0197 -0.0039 -0.0316 -0.0506 -0.0189 -0.0737 -0.0765 -0 0855 
i_ 
a Oct -0.0763 -0.0461 -0.0365 -0.0531 -0.0730 -0.0693 -0.0826 -0.0882 -0.0505 -0.0698 -0 0702 -00567 
5 Nov -0.0701 -0.0251 -0.0134 -0.0274 -0.071 ! -0.0758 -0.0693 -0.1118 -0.0583 -0.0660 -0 0555 -0 0431 
S 
Dec -0.0360 0.0080 0.0194 0.0180 -0.0175 -0.0142 -0.0003 -0.0392 0.0016 -0.0357 -0 02S- -() 0248 
Mature Late lbs Milk/Day 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan 1.0000 0.8435 0.8142 0.7411 0.6763 0.6397 0.6173 0.5722 0.4854 0.5951 0 0 1.212 
Feb 1 0000 0.8281 0.7446 0.6822 0.6312 0.5831 0.6075 0.5151 0.6311 0 02"5 <10431 
Mar 1.0000 0.8299 0.7211 0.6510 0.6547 0.6212 0.5699 0.6442 II 1114(i (1 (>44(1 
Apr 1.0000 0.8304 0.7323 0 6608 0.5841 0.5459 0.5495 II 57(,2 0 5(>38 
Mav 1.0000 0.7709 0.6608 0.6520 0.5838 0.6334 1) MI'IX I) ()(>*>0 
Jun 1.0000 0.7551 0.6843 0.6162 0.6269 1101)22 1) (>047 
Jul 1.0000 0.7957 0.6951 0.6163 0 (,1)2/ 0 5493 
Aug 1.0000 0.8265 0.7183 0 (,(,'): <)<>! 18 
Sep I 0000 0 7862 i) 008S 1)5813 
Oct 1 0000 0 8084 0 0809 
Nov 1 iXHHI I) S0<>7 
Dec 1 ! 1 OOOO 
Culling Rate 
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec 
Jan -0.0840 -0.0213 -0.0069 -0.0262 -0.0715 -0.0623 -0.0367 -0.0586 -0.0220 0.0026 -0 0050 0 0109 1 
>1 Feb -0.1388 -0.0882 -0.0905 -0.0767 -0.1127 -0.1220 -0.1071 -0.0979 -0.0495 -0.0462 -0 0454 -0 0011 
« 
Mar -0.0525 0.0003 -0.0115 -0.0223 -0.0857 -0.1009 -0.1050 -0.1145 -0.0771 -0.0820 -0.0808 -0 0869 
Apr -0.0295 -0.0019 -0.0163 -0.0238 -0.0920 -0.0960 -0.0990 -0.1173 -0.0808 -0.0750 -0.0769 -0 0827 
S Mav -0.0510 -0.0292 -0.0381 -0.0515 -0.0939 -0.0755 -0.0701 -0.0812 -0.0492 -0.0456 -0.0836 4)1196 
£ Jun -0.0174 -0.0175 -0.0067 -0.0248 -0.0646 -0.0324 -0.0492 -0.0386 -0.0333 -0.0227 -0.0337 -0.0736 
e» Jul -0.0092 -0.0165 -0.0088 -0.0525 -0.0780 -0.0829 -0.1021 -0.1101 -0.1343 -0.1526 -0.1740 -0.1963 
eg Aug 0.0047 0.0297 0.0464 0.0262 0.0177 0.0127 -0.0076 0.0005 -0.0011 -0.0322 -0.0400 -0.0683 
£ Sep -0.0604 -0.0395 -0.0189 -0.0283 -0.0372 -0.0201 -0.0209 -0.0236 -0.0014 -0.0588 -0.0465 -0.0551 
a Oct -0.1616 -0.1559 -0.1480 -0.1491 -0.1747 -0.1590 -0.1664 -0.1650 -0.1224 -0.1567 -0.1670 -0.1546 68 
2 Nov -0.0293 -0.0308 -0.0144 -0.0307 -0.0758 -0.0598 -0.0537 -0.0896 -0.0539 -0.0928 0.0896 -0.1124 
Dec -0.0437 -0.0353 -0.0068 -0.0148 -0.0648 -0.0490 -0.0241 -0.0443 -0.0017 -0.0412 -0.0484 -0.0860 
130 
Culling Rate 
2 
5 
M 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan 1.0000 0.9539 0.9271 0.9020 0.8651 0.8238 0.7533 0.7184 0.6286 0.5788 0.5149 0.4225 
Feb 1.0000 0.9744 0.9505 0.9052 0.8672 0.8136 0.7796 0.6919 0.6459 0.5719 0.4860 
Mar 1.0000 0.9704 0.9188 0.8982 0.8527 0.8058 0.7201 0.6747 0.6141 0.5243 
Apr 1.0000 0.9502 0.9226 0.8828 0.8455 0.7642 0.7271 0.6821 0.5884 
May 1.0000 0.9500 0.9164 0.8851 0.8031 0.7646 0.7142 0.6166 
Jun 1.0000 0.9671 0.9283 0.8645 0.8345 0.7749 0.6890 
Jul 1.0000 0.9500 0.8966 0.8770 0.8185 0.7350 
Aug 1.0000 0.9379 0.9052 0.8483 0.7508 
Sep 1.0000 0.9545 0.9047 0.8134 
Oct 1.0000 0.9492 0.8843 
Nov 1.0000 0.9430 
Dec 1.0000 
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APPENDIX B-4 
MILK PRODUCITION DISTRIBUTIONS FOR EACH STAGE OF LACTATION 
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APPENDIX C-1 
ANNUAL DISCOUNTED NET CASH FLOWS 
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Table C-l.l. Discounted Annual Net Cash Flows - Low Production Level - 56% 
Equity Level 
Year Average St. Dev. Min Max # Failing 
1 ($249,445) 269,761 ($929,928) $695,314 0 
2 ($166,455) 282,400 ($886,794) $660,333 0 
3 ($62,798) 283,151 ($813,119) $979,334 0 
4 $54,726 287,756 ($707,645) $971,759 1 
5 $169,296 274,778 ($516,495) $1,080,460 7 
6 $196,955 273,547 ($536,917) $1,115,874 3 
7 $204,152 258,145 ($461,890) $964,868 2 
8 $265,227 242,191 ($417,275) $1,042,565 3 
9 $257,781 233,213 ($414,912) $1,098,123 3 
10 $244,003 220,138 ($287,495) $950,125 2 
Total $892,948 1.107,676 ($2,384,616) $3,789,607 21 
Table C-1.2. Discounted Annual Net Cash Flows — High Production Level -56% 
Equity Level 
Year Average St. Dev. Min Max rr Failing 
1 $187,363 316,526 ($591,046) $1,303,635 0 
2 $317,117 320.634 ($466,223) $1,264,546 0 
3 $331.038 307,149 ($429.189) $1.494.479 0 
4 $362,325 305,296 ($425,513) SI,338,164 0 
5 $392.877 287.394 ($339.297) $1,347.456 0 
6 $448,995 288.594 ($243.689) $1,430,002 0 
7 $479.906 278,196 ($238.232) $1,300,868 0 
8 $564.428 267,737 ($122,930) $1.427.444 0 
9 $576,716 264,370 ($134.280) S 1.513.405 0 
10 $581.368 250,821 ($37.088) $1,392,714 0 
Total $4,242.132 1.038.045 $1,243,706 $7.339.156 0 
Table C-1.3. Discounted Annual Net Cash Flows - Medium Production 
Level - 46% Equitv Level 
Year Average St. Dev. Min Max # Failing 
1 ($200,368) 285.308 ($914.708) $801,570 0 
2 ($138,982) 296.952 ($892.263) $760,590 0 
3 ($33.358) 294,864 ($758.901) $1.060,883 4 
4 $92.226 295.364 ($706.492) $1,037,609 30 
5 $120.678 276.714 ($576.905) $1,039,609 14 
6 $191,321 278.029 ($494,856) $1,125.646 19 
7 $224,039 264,017 ($471,585) $1,002,147 13 
8 $390,815 251.652 ($331,914) $1,197,630 3 
9 $399,504 244,839 ($292,416) $1,276,138 1 
10 $399.108 233.775 ($175,072) $1,148.829 1 
Total S 1.305.525 1.245,175 ($1,829.256) $4,380,814 85 
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Table C-1.4. Discounted Annual Net Cash Flows - Low Production Level — 46% 
Equity Level 
Year Average St. Dev. Min Max #Failing 
1 ($346,151) 270,063 ($1,028,954) $598,796 0 
2 ($307,861) 285,957 ($1,034,266) $523,953 0 
3 ($190,083) 277,934 ($844,197) $837,391 55 
4 ($58,604) 280,916 ($745,595) $834,157 103 
5 $60,670 272,488 ($688,743) $970,456 74 
6 $110,342 275,309 ($474,803) $1,023,853 53 
7 $122,584 255,720 ($490,098) $878,056 39 
8 $265,650 239,943 ($322,102) $1,042,565 17 
9 $263,248 229,519 ($289,544) $1,047,088 3 
10 $253,668 219,633 ($287,4950 $950,125 2 
Total ($160,976) 1,202,994 ($1,885,962) $3,033,030 346 
Table C-1.5. Discounted Annual Net Cash Flows — High Production Level - 46% 
Equity Level 
Year Average St. Dev. Min Max = l-aihnu 
1 $90,844 316,527 ($688,092) $1,207.117 0 
2 $184,774 321,625 ($609,523) $1,133,529 0 
3 $205,431 308,590 ($583,912) $1,370,879 0 
4 $243,766 306,689 ($545,176) $1.221.559 0 
5 $281,113 288,517 ($449,301) $1.237.451 1 
6 $355,870 288,955 ($335,802) $1,337.982 0 
7 $392,473 278,568 ($325,135) $1,214,056 0 
8 $564,168 267,996 ($122.930) $1.427.444 0 
9 $576,936 264,394 ($134,280) $1.513.405 0 
10 $581,579 250,848 ($37.088) $1.392,714 0 
Total $3,474,202 1,059,040 ($1.531,144) $6.582,579 1 
Table C-1.6. Discounted Annual Net Cash Flows - Medium Production 
Level - 40% Equity Level 
Year Average St. Dev. Min Max s Failinu 
1 ($242.872) 285,391 ($958,247) $759.113 0 
2 ($198,700) 295.934 ($959,696) $668,557 8 
3 ($72.628) 286,329 ($761,029) $998,469 85 
4 $46,344 292,512 ($659,762) $979,328 82 
5 $81.878 272,081 ($634,383) $989.459 54 
6 $155,282 275,896 ($418,184) $1.078,057 39 
7 $179,904 261,316 ($507.032) $957,251 16 
8 $374.894 251,928 ($247,260) $1.182.575 16 
9 $388.739 240,407 ($153,869) $1,207,749 0 
10 $389,982 235,886 ($198,681) $1.135,430 1 
Total $645,124 1.378.618 ($1,451,771) $3.982.541 301 
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Table C-1.7. Discounted Annual Net Cash Flows - Low Production Level - 40% 
Equity Level 
Year Average St. Dev. Min Max # Failing 
1 ($388,740) 270,255 ($1,072,493) $556,339 0 
2 ($353,512) 276,175 ($1,026,219) $460,464 46 
3 ($194,933) 258,627 ($906,672) $768,955 263 
4 ($71,277) 265,411 ($772,839) $673,398 175 
5 $34,344 268,680 ($601,172) $920,011 81 
6 $112,460 268,156 ($456,309) $976,264 56 
7 $98,955 260,448 ($479,141) $823,598 18 
8 $245,618 250,030 ($341,938) $1,027,510 17 
9 $260,774 222,234 ($276,175) $938,097 6 
10 $235,293 214,478 ($300,893) $861,987 1 
Total ($552,254) 930,649 ($1,491.098) $2,634,574 663 
Table C-1.8. Discounted Annual Net Cash Flows - High Production Level - 40% 
Equity Level 
Year Average St. Dev. Min Max = lailini! 
1 $48,385 316,531 ($731,105) $1,164,660 0 
2 $123,694 322,332 ($676,400) $1,076,449 0 
3 $148,104 308,764 ($587,711) $1,314,199 •> 
4 $190,149 307,294 ($604,055) $1,168,088 3 
5 $233,390 287,059 ($500,375) $1,187,007 9 
6 $306,774 289,706 ($392.299) $1,290,392 0 
7 $348,904 277,752 ($370,030) $1,169,160 1 
8 $549,309 267,912 ($138,551) $1,412,389 0 
9 $562,071 262,262 ($148,482) $1,499,202 0 
10 $567,088 251,832 ($50,487) $1,379.315 0 
Total $3,038,647 1.143,629 ($1,389.188) $6,184.305 15 
139 
APPENDIX C-2 
VALUE ADDED CORN PAYMENTS 
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Table C-2.1. Discounted Expected Corn Payments from Cooperative - Medium 
Producdon^se^462^Eggit^fve^SLDev^nParentbMes^__^_____ 
Value Added Com Price from 
Year Payment Cooperative Market Com Price Premium 
I $0.28 (0.693) $2.59 (0.755) $2.36 (0.382) $0.23 (0.706) 
2 $0.22 (0.624) $2.40 (0.691) $2.22 (0.366) $0.18 (0.633) 
3 $0.26 (0.723) $2.32 (0.766) $2.10 (0.342) $0.22 (0.746) 
4 $0.43 (0.933) $2.37 (0.967) $1.98 (0.322) $0.39 (0.941) 
5 $0.56 (1.064) $2.39 (1.094) $1.87 (0.300) $0.52 (1.068) 
6 $0.86 (1.306) $2.59 (1.309) $1.76 (0.288) $0.83 (1.315) 
7 $1.08 (1.364) $2.71 (1.380) $1.66 (0.272) $1.05 (1.369) 
8 $1.91 (1.588) $3.45 (1.613) $1.57 (0.258) $1.88 (1.585) 
9 $2.31 (1.539) $3.76 (1.549) $1.48 (0.233) $2.28 (1.540) 
10 $2.41 (1.474) $3.77 (1.488) $1.39 (0.226) $2.38 (1.476) 
Average $0.96 (0.589) $2.79 (0.556) $1.86 (0.140) $0.92 (0.593) 
Table C-2.2. Discounted Expected Corn Payments from Cooperative - Medium 
Production Case - 40% Equity Level (St. Dev. in Parentheses) 
Value Added Com Price from 
Year Payment Cooperative Market Com Price Premium 
1 $0.23 (0.611) $2.54 (0.679) $2.36 (0.382) $0.18 (0.627) 
2 $0.14 (0.490) $2.32 (0.568) $2.22 (0.366) $0.10 (0.502) 
3 $0.18 (0.599) $2.23 (0.641) $2.09 (0.331) $0.15 (0.613) 
4 $0.29 (0.754) $2.22 (0.798) $1.97 (0.320) $0.25 (0.764) 
5 $0.42 (0.923) $2.25 (0.954) $1.87 (0.301) $0.38 (0.928) 
6 $0.71 (1.201) $2.43 (1.210) $1.75 (0.281) $0.68 (1.209) 
7 $0.87 (1.251) $2.50 (1.281) $1.65 (0.269) $0.84 (1.256) 
8 $1.78 (1.582) $3.32 (1.606) $1.57 (0.259) $1.74 (1.580) 
9 $2.23 (1.533) $3.68 (1.534) $1.48 (0.232) $2.20 (1.538) 
10 $2.38 (1.471) $3.74 (1.482) S 1.39 (0.223) $2.35 (1.473) 
Average $0.67 (0.590) $2.58 (0.496) $1.95 (0.225) $0.64 (0.596) 
Table C-23. Discounted Expected Corn Payments from Cooperative - Low Production 
Çase^56%JÇguitvjjeveljSLj>ev1toParentltoses2_^____ieieiM___i__^_i==_==_ 
Year Value Added Com Price from 
Payment Cooperative Market Com Price Premium 
I $0.19 (0.540) $2.50 (0.614) $2.36 (0.382) $0.15 (0.558) 
2 $0.15 (0.489) $2.33 (0.567) $2.22 (0.366) $0.10 (0.500) 
3 $0.19 (0.603) $2.24 (0.645) $2.10 (0.343) $0.14 (0.619) 
4 $0.30 (0.759) $2.24 (0.800) $1.98 (0.324) $0.26 (0.770) 
5 $0.57 (1.097) S2.40 (1-125) $1.87 (0.301) $0.54 (1.101) 
6 $0.85 (1.302) $2.57 (1.304) $1.76 (0.288) $0.81 (1.310) 
7 $0.96 (1.292) $2.59 (1.309) $1.66 (0.273) $0.93 (1.298) 
8 $1.26 (1.354) $2.79 (1.379) $1.57 (0.257) $1.23 (1.352) 
9 $1.38 (1-353) $2.83 (1.361) $1.48 (0.234) $1.35 (1.356) 
10 $1.41 (1.299) $2.78 (1.310) $1.39 (0.226) $1.38 (1.302) 
Average $0.72 (0.516) $2.52 (0.512) $1.84 (0.107) $0.68 (0.520) 
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Table C-2.4. Discounted Expected Corn Payments from Cooperative - Low Production 
Case - 46% Equity Level (St. Dev. in Parentheses) 
Value Added Com Price from 
Year Payment Cooperative Market Com Price Premium 
1 $0.10 (0.378) $2.42 (0.473) $2.36 (0.382) $0.06 (0.403) 
2 $0.05 (0.243) $2.23 (0.365) $2.22 (0.366) $0.01 (0.271) 
3 $0.06 (0.314) $2.11 (0.402) $2.09 (0.338) $0.02 (0.335) 
4 $0.08 (0.317) $2.02 (0.451) $1.98 (0.319) $0.04 (0.389) 
5 $0.18 (0.624) $2.01 (0.659) $1.87 (0.300) $0.15 (0.638) 
6 $0.39 (0.933) $2.11 (0.948) $1.75 (0.281) $0.35 (0.941) 
7 $0.49 (1.007) $2.11 (1.036) $1.65 (0.265) $0.46 (1.011) 
8 $0.92 (1.299) $2.46 (1.316) $1.57 (0.257) $0.89 (1.299) 
9 $1.24 (1.334) $2.68 (1.335) $1.48 (0.228) $1.21 (L339) 
10 $1.35 (1.308) $2.72 (1.321) $1.39 (0.224) $1.33 (1.310) 
Average $0.33 (0.409) $2.25 (0.360) $1.95 (0.219) $0.30 (0.417) 
Table C-2.5. Discounted Expected Corn Payments from Cooperative - Low Production 
Case - 40% Equity Level (St. Dev. in Parentheses) 
Value Added Com Price from 
Year Payment Cooperative Market Com Price Premium 
1 $0.08 (0.316) $2.39 (0.425) $2.36 (0.382) $0.03 (0.346) 
2 $0.03 (0.163) $2.21 (0.319) $2.22 (0.368) ($0.02) (0.204) 
3 $0.04 (0.266) $2.09 (0.368) $2.08 (0.332) $0.00 (0.288) 
4 $0.05 (0.259) $1.98 (0.362) $1.96 (0.312) $0.02 (0.281) 
5 $0.14 (0.556) S 1.97 (0.591) $1.86 (0.295) $0.11 (0.569) 
6 $0.34 (0.825) $2.05 (0.845) $1.74 (0.294) $0.31 (0.839) 
7 $0.47 (0.941) $2.11 (0.958) $1.67 (0.265) $0.44 (0.946) 
8 $0.93 (1.289) $2.47 (1.299) S 1.57 (0.253) $0.90 (1.289) 
9 S 1.28 (1.305) $2.71 (1.311) $1.46 (0.208) $1.26 (1.304) 
10 $1.35 (1.241) $2.71 (1.221) $1.40 (0.222) $1.32 (1.221) 
Average SO. 18 (0.319) S2.23 (0.276) $2.09 (0.277) $0.14 (0.330) 
Table C-2.6. Discounted Expected Corn Payments from Cooperative - High Production 
Case - 56% Equity Level (St. Dev. in Parentheses) 
Year 
Value Added 
Payment 
Com Price from 
Market Com Price Premium 
1 $1.48 (1.592) $3.79 (1.634) $2.36 (0.382) S 1.43 (1.592) 
2 $1.93 (1.804) $4.10 (1.847) S2.22 (0.366) $1.88 (1.802) 
3 $2.02 (1.762) $4.07 (1.776) $2.10 (0.343) $1.98 (1.770) 
4 $2.21 (1.783) $4.15 (1.799) $1.98 (0.324) S2.17 (1.788) 
5 $2.38 (1.733) $4.21 (1.755) $1.87 (0.303) $2.34 (1.734) 
6 $2.74 (1.780) $4.47 (1.785) $1.76 (0.288) $2.71 (1.788) 
7 $2.97 (1.711) $4.60 (1.729) $1.66 (0.273) $2.93 (1.714) 
8 $3.49 (1.666) $5.03 (1.690) $1.57 (0.257) $3.46 (1.665) 
9 $3.58 (1.638) $5.03 (1.654) $1.48 (0.232) S3.55 (1.637) 
10 $3.61 (1-559) $4.98 (1-573) $1.40 (0.227) S3.58 (1-559) 
Average $2.64 (0.640) $4.44 (0.641) S 1.84 (0.096) $2.60 (0.643) 
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Table C-2.7. Discounted Expected Corn Payments from Cooperative - High Production 
Case - 46% Equity Level (St. Dev. in Parentheses) 
Value Added Corn Price from 
Year Payment Cooperative Market Corn Price Premium 
1 $1.09 (1.413) $3.40 (1.456) $2.36 (0.382) $1.04 (1.416) 
2 $1.26 (1.557) $3.44 (1.602) $2.22 (0.366) $1.22 (1.557) 
3 $1.29 (1.525) $3.35 (1.538) $2.10 (0.343) $1.25 (1.535) 
4 $1.45 (1.587) $3.39 (1.608) $1.98 (0.324) $1.41 (1.592) 
5 $1.63 (1.598) $3.46 (1.619) $1.87 (0.303) $1.59 (1.601) 
6 $2.07 (1.744) $3.80 (1-748) $1.76 (0.288) $2.04 (1.753) 
7 $2.36 (1.699) $3.98 (1.718) $1.66 (0.273) $2.32 (1.702) 
8 $3.43 (1.679) $4.97 (1.702) $1.57 (0.256) $3.40 (1.677) 
9 $3.57 (1.646) $5.02 (1.662) $1.48 (0.232) $3.54 (1.645) 
10 $3.61 (1.557) $4.98 (1-572) $1.40 (0.227) $3.58 (1.557) 
Average $2.17 (0.640) $3.98 (0.640) $1.84 (0.098) $2.41 (0.644) 
Table C-2.8. Discounted Expected Corn Payments from Cooperative - High Production 
Case - 40% Equity Level (St. Dev. in Parentheses) 
Value Added Com Price from 
Year Payment Cooperative Market Com Price Premium 
1 $0.94 (1.329) $3.25 (1.372) $2.36 (0.382) $0.89 (1.333) 
2 $1.01 (1.418) $3.19 (1.464) $2.22 (0.366) $0.96 (1.419) 
3 $1.00 (1.383) $3.06 (1.398) $2.10 (0.343) $0.96 (1.394) 
4 $1.14 (1.453) $3.08 (1.476) $1.98 (0.324) $1.10 (1.459) 
5 $1.30 (1.503) $3.13 (1.526) $1.87 (0.301) $1.26 (1.505) 
6 $1.74 (1.687) $3.47 (1.690) $1.76 (0.288) $1.71 (1.696) 
7 $2.03 (1.669) $3.66 (1.686) $1.66 (0.273) $2.00 (1.672) 
8 $3.28 (1.692) $4.81 (1.716) $1.57 (0.256) $3.24 (1.689) 
9 $3.47 (1.627) $4.93 (1.643) $1.48 (0.233) $3.44 (1.626) 
10 $3.52 (1.568) $4.89 (1.582) $1.39 (0.225) $3.49 (1.568) 
Average $1.92 (0.659) $3.73 (0.647) $1.85 (0.111) $1.88 (0.664) 
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APPENDIX C-3 
RATE OF RETURN ON INVESTMENT 
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Table C-3.1. Annual Discounted Rate of Return on Investment - Medium Production 
Case - 46% Equity 
Expected Rate of 
Year Return Standard Deviation Minimum Maximum 
1 1.17% 3.54% -3.08% 24.97% 
2 0.88% 3.17% -2.90% 21.47% 
3 1.11% 3.74% -2.74% 30.56% 
4 1.97% 4.72% -2.59% 27.63% 
5 2.63% 5.35% -2.44% 32.46% 
6 4.16% 6.59% -2.30% 35.05% 
7 527% 6.86% -2.17% 31.20% 
8 9.43% 7.95% -2.05% 37.29% 
9 11.42% 7.72% -1.73% 39.63% 
10 11.95% 7.40% -0.64% 35.77% 
Average 4.62% 2.97% -1.03% 13.65% 
Table C-3.2. Annual Discounted Rate of Return on Investment - Medium Production 
Case - 40% Equity 
Expected Rate of 
Year Return Standard Deviation Minimum Maximum 
1 1.04% 3.61% -3.54% 27.15% 
2 0.58% 2.89% -3.34% 21.07% 
3 0.84% 3.53% -3.15% 33.07% 
4 1.44% 4.40% -2.97% 29.81% 
5 2.18% 5.34% -2.80% 35.47% 
6 3.89% 6.96% -2.64% 38.55% 
7 4.85% 7.23% -2.49% 34.23% 
8 10.04% 9.09% -2.22% 42.28% 
9 12.66% 8.85% -1.85% 43.13% 
10 13.54% 8.48% -0.92% 40.60% 
Average 3.66% 3.43% -2.15% 14.26% 
Table C-3J. Annual Discounted Rate of Return on Investment - Low Production 
Case - 56% Equitv 
Year 
Expected Rate of 
Return Standard Deviation Minimum Maximum 
1 0.60% 2.29% -2.52% 17.73% 
2 0.42% 2.05% -2.38% 14.34% 
3 0.59% 2.54% -2.24% 23.21% 
4 1.05% 3.16% -2.12% 21.08% 
5 2.20% 4.52% -2.00% 27.61% 
6 3.33% 5.38% -1.88% 28.45% 
7 3.81% 5.33% -1.78% 24.60% 
8 5.03% 5.55% -1.68% 26.58% 
9 5.55% 5.57% -1.42% 27.91% 
10 5.68% 5.34% -1.49% 24.22% 
Average 2.78% 2.14% -0.70% 9.67% 
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Table C-3.4. Annual Discounted Rate of Return on Investment Low Production 
Case - 46% Equity 
Year 
Expected Rate of 
Return Standard Deviation Minimum Maximum 
1 0.29% 2.02% -3.08% 18.65% 
2 0.02% 1.36% -2.90% 10.58% 
3 0.09% 1.68% -2.74% 24.50% 
4 0.21% 1.95% -2.59% 20.42% 
5 0.73% 3.20% -2.44% 30.30% 
6 1.78% 4.72% -2.03% 31.88% 
7 2.32% 5.07% -2.17% 25.98% 
8 4.47% 6.51% -2.05% 32.46% 
9 6.06% 6.71% -1.75% 31.33% 
10 6.65% 6.57% -1.67% 29.58% 
Average 1.48% 2.09% -1.88% 9.49% 
Table C-3.5. Annual Discounted Rate of Return on Investment - L w Production 
Case - 40% Equity 
Year 
Expected Rate of 
Return Standard Deviation Minimum Maximum 
1 0.17% 1.99% -3.54% 19.90% 
2 -0.10% 1.17% -3.34% 8.91% 
3 0.03% 1.66% -3.15% 26.11% 
4 0.11% 1.62% -2.97% 16.47% 
5 0.60% 3.28% -2.80% 31.53% 
6 1.76% 4.83% -2.64% 32.02% 
7 2.51% 5.45% -2.49% 25.87% 
8 5.18% 7.42% -2.35% 36.74% 
9 7.23% 7.51% -1.71% 33.66% 
10 7.59% 7.03% -1.92% 30.82% 
0.80% 1.90% -2.93% 9.50% 
Table C-3.6. Annual Discounted Rate of Return on Investment - High Production 
Case - 56% Equitv 
Year 
Expected Rate of 
Return Standard Deviation Minimum Maximum 
1 5.87% 6.54% -2.52% 33.24% 
2 7.72% 7.40% -2.36% 32.24% 
3 8.11% 7.27% -2.24% 38.10% 
4 8.92% 7.34% -2.12% 34.13% 
5 9.62% 7.12% -1.97% 34.42% 
6 11.12% 7.34% -1.88% 36.54% 
7 12.04% 7.04% -1.49% 33.16% 
8 14.21% 6.83% -1.42% 36.39% 
9 14.57% 6.72% -0.37% 38.50% 
10 14.70% 6.40% -0.13% 35.50% 
Average 10.69% 2.64% 3.31% 18.71% 
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Table C-3.7. Annual Discounted Rate of Return on Investment - High Production 
Case — 46% Equity 
Year 
Expected Rate of 
Return Standard Deviation Minimum Maximum 
1 5.22% 7.10% -3.08% 37.59% 
2 6.10% 7.80% -2.90% 35.10% 
3 6.28% 7.70% -2.74% 41.20% 
4 7.09% 7.98% -2.59% 38.06% 
5 7.96% 8.03% -2.44% 38.61% 
6 10.22% 8.79% -2.30% 41.66% 
7 11.65% 8.53% -1.83% 37.80% 
8 17.06% 8.41% -1.73% 44.45% 
9 17.75% 8.25% -0.45% 47.02% 
10 17.95% 7.81% -0.16% 43.36% 
Average 10.72% 3.23% -0.64% 20.49% 
Table C-3.8. Annual Discounted Rate of Return on Investment - High Production 
Case - 40% Equity 
Expected Rate of 
Year Return Standard Deviation Minimum Maximum 
1 5.13% 7.67% -3.54% 41.65",, 
2 5.54% 8.17% -3.34% 38,15".. 
3 5.54% 8.02% -3.15% 43.51% 
4 6.34% 8.40% -2.97% 41.80% 
5 7.28% 8.66% -2.80% 42.54" o 
6 9.82% 9.76% -2.64% 46.14»,, 
7 11.51% 9.63% -2.49% 41.80°,, 
8 18.68% 9.72% -1.99% 50.50",, 
9 19.82% 9.36% -1.02% 53.49% 
10 20.10% 9.03% -0.18% 49.32% 
Average 10.85% 3.82% -1.09% 22.11% 
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APPENDIX C-4 
DISTRIBUTION OF 10-YEAR AVERAGE OF DISCOUNTED ANNUAL ROI 
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Figure C-4.1. 10-Year Average of Discounted Annual ROI — Medium Production 
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Figure C-4.2. 10-Year Average of Discounted Annual ROI - Medium Production 
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Figure C-4.4. 10-Year Average of Discounted Annual ROI — High Production 
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Figure C-4.6.10-Year Average of Discounted Annual ROI - Low Production 
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Figure C-4.7. 10-Year Average of Discounted Annual ROI — Low Production 
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